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New Speed Control for DC Motors. . . page 41 


... But WHICH Metric System?. . . page 44 
How to Avoid Abrasive Contamination. . . page 51 


For advanced fuel...hydraulic...lube systems, 


New materials prove ideal in handling 


temperature extremes —350° F. to +750° F. 


Working with two remarkably versatile elasto- 
mers, C/R Sirvene engineers are producing flexi- 
ble molded parts for many vital fuel, lubricating 
hydraulic and pneumatic systems. One, Viton-A 

can be compounded to produce parts that func- 
tion dependably at 600° F 
up to 750° F. The other important feature of Viton 


, and for short periods 


compounds is their excellent resistance to cor- 
rosive chemicals, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes 
At the other extreme, C/R compounded Silastic 
LS-53** parts are providing low temperature op- 


eration down to -80° F. They also exhibit excel- 


DuPont registered trademark 


**Dow-Corning registered trademark 


lent resistance to syntheti nd petroleum base 


fluids up to 350° F., and function well in propant 
up to 500° F. For temperatures as low as -350 


F., C/R recommends Teflon 


C’/R Sirvene engineers have an intimate know] 


compounds 


edge of these elastomers. They also have perfected 
special techniques in processing which still furthe: 
improve the physical properties of the molded 
parts. If your problem involves high or low tem- 
peratures, close tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys 
tems, get in touch with us at once. We have the 


skill and the facilities to help you 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


SIRVENE DIVISION, '237 ELSTON AVENUE * CHICAGO 22, ILLINOIS 


In Canada 
Export Sales 


crs: C/R Shaf 
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FEATURED: 


NEW SPEED CONTROL FOR DC MOTORS... .B Berman, ACF Industries 


Packaged unit maintains motor speed regardless of load 


WHICH METRIC SYSTEM? .. . C F Kayan, Columbia University 
Author feels we shouldn't join the metric world until it’s united 


20-HOUR DAYS, 200° CIRCLES .. . J H McKay, Canadian Stds Assn 
A proposed extension of the metric system 


CONTAMINATION OF PRECISION MECHANICAL DEVICES .. . Dr L McD Schetky 
Polarized light spots dangerous obrasives on “clean” surfaces 


GOVERNMENT AND THE INDEPENDENT INVENTOR .. . J C Green 


Uncle Sam welcomes new ideas and is taking steps to get more 


ANGULAR ERRORS IN GEARS .. . T C Nielsen, IBM 
Equations predict effects of seven key factors 


7 MORE WAYS TO PREVENT OVERLOADING .. . P C Noy, Nicromatic Ltd 
Second group of ideas for guarding machinery 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


New fluids readied for 600 F and above 
Plastics to replace sheetmetal in heat exchangers 
NASA lists insulation needs for liquid hydrogen rockets 


New belt drive for instruments features standard gearing 
Ball screws operate at 750 F without lubrication 

Low-cost diffraction grating checks lead screws 

Integral air-hydraulic cylinder gives power in any direction 
Air-operated actuator needs no air valve or air switch 


Indium-clad aluminum developed for semiconductor use 
New wire combinations improve thermocouple performance 


Suspension system cushions stretcher 
Hinged tracks steady tractor... 
Wire-former tilts to ease delivery. 
Drill vibrates as it rotates. 


New culprit in thermal-stress cracking. 
Soviets contest theory of metal seizure 
Swiss design simplified hygrometer.... 


Polaris shots timed to motion of sea waves 
Poland shows machine tools, bids for world trade 
Gas-turbine power ups amphibian payload, speed 
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N.S. Savannah, built by New York Ship- 
building Corporation, can sail for three 


years on 138 pounds of nuclear fuel. A con- 
ventional ship would burn 80,000 tons of oil. 


’round the world 13 times with fuel to spare 
...the first nuclear-powered merchant ship 


This is the Nuclear Ship Savannah, 
first of her kind. Capable of sailing 
over 350,000 nautical miles without 
re-fueling, she points the way to a 
new era in transport and travel at sea. 
Her uranium oxide fuel is pack- 
aged in tubes of Nickel Stainless 
Steel...more than 5,000 of them. The 
fuel-element cans that hold these 
tubes are also made of this strong, 
corrosion-resisting metal. 
Wherever you look, inside the reac- 
tor, almost everything is Nickel 
Stainless Steel. 200,000 pounds of 
it are used in the reactor area: for 
the lining of the reactor vessel, for 
the coolant pumps and tubing that 
circulate corrosive “hungry” water, 
and for the control rods inside the 
atomic pile. 
At the design stage, engineers antici- 
pated the high operating pressures 


1,750 pounds per square inch — and 
temperatures up to 508°F. They 
selected Nickel Stainless Steels to 
provide the strength and resistance 
to heat and corrosion needed to with- 
stand these rigorous conditions. 

So the next time you need more 
from a metal, remember the N.S. 
Savannah. Nickel Stainless Steel, or 
another Nickel alloy, may be the 
solution to your problem, too. 

A note to Inco will bring you 
“First Steps Towards Solving Spe- 
cific Corrosion Problems” and “High 
Temperature Worksheet”. . . simpli- 
fied forms you can use to describe 
your metal problem. Perhaps our 
technical staff has information that 
will help you find the solution. 


The International Nickel Company, Inc. 
67 Wall Street ,4\. New York 5,N.Y 
ance, 


Inside the reactor nearly everything you 
see is Nickel Stainless Steel to withstand 
corrosion, high temperatures and pres- 
sures that hit 1,750 psi. Reactor built by 
Babcock & Wilcox Co., Barberton, Ohio 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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It’s not known whe race. but nd also because th usI sounding 


the Chevrolet brothers were backed bv the 


of General Motors, W. C. Durant. Within twe 


invited the Frenchmen to Flint, Mich to com ompete directly with Ford. ‘The Chevrolet 
ivate race on a small track behind the Buick $490) w 
st the race but became Durant’ 


$ personal 
chauffeur on the ground that he lost by taking no chance 


nance of foreign 


Durant next decided t 


i 


c is introduced in 1915 and by the end 
’ 
hur | 


other Louis won by taking too many chances 
; 
0th Chevrolets joined the famed Buick racing 


more than a race driver; he had 
automobile design. He believed that an 
moderately priced light car, like the French 
ng, would be welcomed on America’ 


read what an 


bout 


$ improving 

iutomobile stylist feels about 

design, see page 24.) Durant liked the 

much headway was made, lost 
ympany, General Moto: Ih 
the Little Motor (¢ 

out some of his ideas 

Motor Car Co was turning out a small 


for about $650. Though attractively designed, 


idea, 
control of his 
is setback spurred 

ind allow Louis 
tr In the meantime 
+-cylinder 
underpowered and couldn't compete with th 
proved Ford. The following year, in 1911, the 
et Motor Co was incorporated—Little Motor Car 
to build the bodies while the Mason Motor C 
upply the engines; Durant’s f 


] ; 
rOTmMmCcr Cmpioves a 


iction WV t JO Du 
ined the Mason group. Within 12 months, tl ng up sal ganiz ns paid off 


Chevrolet's 1913 model 


ymbine was turning out cars 
producing a medium-prict 
time in a mass-produced 


Durant decided to 


NEXT WEEK IN PRODUCT ENGINEERING 


High-speed Photography Solves Design Problems 
You can buy and use these cameras yourself, in your own department, for a 
lot less expense and trouble than you might think 
Choosing a Metal to Resist Wear 
The leading causes of wear, and which metal properties resist wear best. 
How Hydraulic Couplings Affect Gear and Shaft Selection 
Two methods, based on Hook curves and the endurance diagram, that give 


greater precision in calculation. 


Props for Operators 


A dozen ideas on different types of operator seats and supports, their versatility 
and comfort 


K-factor for Impact Loading 


This allowance for energy loss on impact gives more accurate values for 
stresses and deformation. 


Another Shortcut to Torsion-bar Design 


Nomograph supplies values for mass moment of inertia of any round or rec 
tangular bar. 
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FREEDOM 
OF DESIGN 


SPECIFY 


B&W Job-Matched seamless pressure tubing 


B&W’'s complete range of sizes and grades, and ability to specify B&W Job-Matched Carbon or Alloy Steel 
to produce long length tubes. . . Seamless Pressure Tubing. And remember matching tubes 
@ permit the choice of the tube best for your job to jobs assures you long service life, and optimum low 
cost in addition to freedom of design. For more informa- 
tion call your regional local B&W District Sales Office or 
@ simplify procurement of tubing materials write for Bulletin TB-417. The Babcock & Wilcox Com- 
Availability is only one of the many reasons why it pays pany, Tubular Products Division, Beaver Falls, Pa. 

SEE OUR EXHIBIT ~ 

Steel Arena a 
1960 METAL sHow / ; 


PHILADELPHIA ta) Steel +> 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 


@ reduce field fabrication problems 





TA-9054.-SF 
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DEVELOPMENTS TO WATCH... 


New fluids readied for 600 F and above 

\ new group of high-temperature fluoride-based fluids is being readied for commer 
cial production by E F Houghton & Co. These are brand-new materials for use as 
heat-transfer and hydraulic media, expected to be serviceable at least over the range 
from —65 to 550 F. The pour points will be in the neighborhood of 100 F, and 
the flash points in excess of 760 F. Viscosity-temperature coefhcients are on the ordet 
of 0.8, and viscosity at 100 F is 30 to 40 cs 

Houghton expects that it will be able to offer samples for evaluation sometime within 


the next 90 days 


Indium-clad aluminum developed for semiconductor use 
\ process that forms a true metallurgical bond between indium and aluminum, and 


zets around the problems resulting from aluminum’s tenacious oxide coating, 1s claimed 


bv Accurate Specialties Co, Hackensack, N] With the process, the « yMpany savs, 1 
now able to produce alloy preforms for semiconductor applications with indium cla 


+} tr 


on both sides of the aluminum Chis not only helps protect the aluminum from 


oxidation, but also promotes bonding to germanium 
\ sequential melting” techniguc ipphes the preforms The indium melts 


ind, as it does, forms a protective coating over the aluminum: then. when melting 


t yf 


point of the aluminum is reached, the molten indium serve S trier to prom 


diffusion of this alloving element into the germanium crvsta 


Plastics to replace sheetmetal in heat exchangers 
Can plastic films provide a low-cost replacement for sheetmetal in heat-transfer equy 
ment? John M. Weaver of Bechtel Corp thinks they can. New plastic films are being 
developed, he says, that cost “only cents per square foot as compared to dollars fo 
metals”; and, though their heat conductivity is far below that of metals, thin walls 
ind lower square-foot costs can more than compensate for the difference 
Weaver does admit that films now available cannot resist continuous pressures norma 


to their surface at elevated temperatures. ‘To prevent permanent distortion of the film 


1 


heat exchangers must be so designed that there is little or no pressure differential normal 
to the film surface, or a supporting means for the film must be provided. Furthermor 
he notes, plastic films cannot be used efficiently with high heat-flux densities, so a larg 
heat-transfer surface must be compacted into a relatively small area to provide a satisfac 
tory heat-transfer capacity under low heat-flux conditions 

Plastic film heat exchangers are still experimental, but several types have been built 


ind others are under discussion; Weaver believes practical application is not too far off 


New belt drive for instruments features standard gearing 


\ positive-drive system that uses a new-typ 


timing belt, but takes advantage of stock gears 
and sprockets, is being developed by Pic Design 
Corp, East Rockaway, Long Island 

Ihe belt (sce diagram) has molded-in pins 
on each side of a size equivalent to those used 
for pitch diameter measurement The pins ht 
into the teeth of a standard gear, grooved cit 


po2ooD cumferentially to provide clearance for the bod) 


> 
Cag APNG 555065- of the belt. Stock gears can be used as sprock 

‘ ets, and the sprockets can be driven by standard 

NEW TIMING BELT, with pins 
molded in at the sides, is key to 
the Pic drive system Note how 
belt fits into grooved g£ear-sproc kets ot the belt continued on | 


gears. Furthermore, Pic engineers point out 


power takeoff can be from either top or bottom 
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ACCURACY, DURABILITY and ECONOMY are 
important characteristics of these sintered metal 
automotive suspension parts by Deico Moraine 
Vital components such as these are typical 
results of close collaboration between Deico 
Moraine and its customers—an effective liaison 
that functions from idea through design and 
development to production. They aiso confirm 
Deico Moraine's equally important capabilities 


fer making deliveries in quantity and on time! 


q 


DELCO MORAINE 


DEPENDABLY MADE parts for industrial progress « Division of Genera! Motors 
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DEVELOPMENTS TO WATCH... 








Heat-resistant fibers for tires and rubber goods 

Nylon fibers with melting points 100 deg or more above the be ivailable are 
under development by major suppliers. The aim: longer lasting tir 
goods better suited for hi-temp service. Much of the work classified, but material 


i 
have been produced and experimental tires made 


nd mechanical 


New wire combinations improve thermocouple performance 
lloys and alloy 


For service both above and below 1800 F, note these reports of new alloy 


ombinations that provide considerably improved accuracy in temperature measurement 
Johnson Matthey of England describes new techniques for preparing ‘Pallador’ 
40% gold-palladium/10 iridium-platinum) thermocoupl 


reliable at temperatures to 1830 F “for quite 


, . 
which make th 


wit 


the combina 


; 
long periods Furthermor 


a remarkably high thermal emf. Specific resistance of the gold 
32 F; that of the iridium-platinum, 24.5 
0.070 and 0.074 lempcrature coefficient 


tion is said to show 
palladium alloy is 27 


hermal conductivities 
+ 


of resistance: 0.00034 and 0.0012/C. 
f a rhenium-platinum /platinum-molybdenum-tungste: 


) microhm-cm at 
(in cgs units) are 


— 


From Japan comes news of 
tance to previous| 


combination, claimed superior in stability and corrosion and heat t 
developed platinum/platinum-thenium types, particularly in the 2550-3000 F range 
Developed by H. Nishimura of Kyoto, this wire combination 

+ 


molybdenum and 0.5 to 10 tungsten 


contain rhenium 


one element; 0.5 to 6 
ynbinatior 


Still another type of thermocouple is the tungsten, tungsten 
serviceable in vacuum and inert atmospheres to temperature 0" It wa 
Englehard Indust 


developed in Britain, is now marketed by 


Refractory cement stands 5000 F 
A refractory cement that can be used as a x for thermocoupl 
)r as a sealing mortar, at temperatures Instrumentation Ass 

leveloped by the company The othe 


It's one of two new materials being « 
4300 F. Information o1 


casting compound, a 
to 5000 F is claimed by 


( 


clates 
an air-drying compound that can be used at temperature 
composition has not been released; but the cements are believed ti yntain a mixtur 


of rare-earth oxides 


Ball screws operate at 750 F without lubrication 


Ball screws and ball splines 
that can stand continuou 


operating temperatures of 


750 F and more, without 


lubrication of 
ire claimed by 


deley Engines « 


BALL SCREW AND BALL SPLINE are combined in this 


England 
Bristol Siddeley for high 


.. } 1] rer ¥ 
The bal W's i unit, one 


of several designed by 


yf stainless temperature operation 
illy similar it 
ballbearings except 
rew, and are held b 
late the balls 


A typical application is in 
s fixed and the screw is driven up and down 
at Bristol Siddeley are hig telescoping ba 


le of high alloys (nimonic materials, f tance Prot 
but, yet, performance at 


harge-discharge chutes fo 


( fuel element 


operating the linkag 
Also under development h-tempet 
splines. These are to be mad 
type models have indicated the feasibility of such unit 
xtremely high temperatures is inconsistent and Bristol-Sidd 
| 


ve required before these units are read 


further develop 
ment work will t — ARK 
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WHAT'S HAPPENING IN RESEARCH... 


New culprit in briefs . . . 
no energy barrier existed, they ; os cen ” 
Magnesium oxide “whiskers,” 3 to 4 


thermal stress cracking » dol 
ou aerormatvion = mn e } 
, l to mils in 


Solder induce thermal mm in length and 
racking i reports H. G. Baron at , 
° temperatures, though the loa | 
5 ad applied from Semi-Elements Inc, Saxonburg 


of the Briti Office Armament ; 
vould vary. This was not the case 


re should be the same at al ’ 
, ros tion are available for research 


SC 


Penna. They're one result of a long 
; \iore deformation was required 
ind tt ; : 

temperatures; and there was breal . 1 

particular, cat : : duct Semi-Elements itself on 

Pi n the detormation/temperature curve ’ 1) 

rowth by 50 Fi ‘ P aes . high-mobility materials able to stand 

t 1) to 400 


5 ) 


search program being con 


eel subjected ) 
High-purity metals and research grade 


Norwegian studies bring intermetallic ympounds are coming 
new data on columbium rom Cor 


found to 


pecially inju Che effect of con 
solidated Mining & Smelt 


i ing of (¢ Its list of 99.9999 


S 


tact with molten id-tin solder 
“equivalent I rease in peak Unusual features in the oxidatior 
vattern of columbium are pointed out materials now include irsenic and 
for indium antimonide in addition to pre 

viously availal high-purity arsenic, 


bismuth, cadmium, indium, lead, sil- 


temperatut nearly 200 F.” Pure 


lead solder damaging vy Norway's Central Institute 


possibly becau hev have a higher Industrial Research 
melting poi tress cannot In a report prepared for Wright 
Air Development Division, USAF, Tor er, tin, and zu | are available in 


Hurlen of the institute notes that, in rlier materi 


freezing , 
to 2200 i uppli n sheet and 


One important n seS the temperature range 930 | LZ 
‘ | olumbium is unusually sensitive wire form. Most can also be had in 


build up to a level befor 


ry? Tacc 


to changes in oxygen pressure and reé 


irregular manner 


in temperature. Rev Uranium-bearing steels 


he oefhcient of oxidation were if promi 
yn and stress fatigue (PE—Mar 2] 


found at 1100 F and 1470 I 


in resistance co 


af I 
Soviets contest theory One possible explanation he ox p , savs Atlas Steels Ltd 


of metal seizure le itself takes different forms seen whether 
The theory it va I ( l ferent temperatures ind seem 
surface hibit plastic deformation under som«¢ Atlas 


natur nadihion It is a noted that th« peeves a 


he films that form ‘ both prima nd secondary fabrica 
1S disputed by USSR gel I lect s; while a 
P. Semenov and metal peratures , oxid whis rci ial can be asses 
rs” yI metal surfac \ I ARG 


needed before the alloy 


Pozdnvakov 
n USSR. technical 


nt ou 


oe Sa Swiss design simplified hygrometer 
uid DONd spon 

+a \ smartly stvled relative-humidity 
istrument that provides direct | 





‘ 
surface energ’ 
I without mm plic ited 

1e1 


unt before 


is been designed by 
ind is to be manufa 


l'o test the theory he ( ul 
: eger of Lausanne, Switz 


r strip heated , ) 
scraped them n the diffusion pmncipk 
ge of vapor thi ugh a 
eing proportional t 
imidity of the ai 


uult-in thermometer 


then sealed in 
' aflet is available in Ens 


’ 
IDsSuics \ 
t as TO MEASURE RELATIVE HUMIDITY 
cavengers for an maining oxvgen Swiss instrument uses small, trans- 
' ’ arent plastic ntainer, filled with dis- 
hen, still in the capsules, the striy een Gee eae . dis 

, : tilled water and capped with a porous 

Sse ovet T a) T " on oan 

were pressed togethet me at room lid. Temperature and relative humidity 


} ] j , 
temperature ind rs { clectec are read directly to an accuracy of 1%. 


pper to ac 
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from dishwasher tops... to barge skegs... 


GAMBLE solves problems with WOOD! 


PROBLEM: Wood cutting-board tops of automatic 
dishwashers were splintering—and even distorting 
the machines themselves—from tangential swelling 
and shrinking of the tops. 


SOLUTION: Gamble wood engineers developed a 
strip-constructed board, with edge grain exposed, 
which is now in volume use. 


PROBLEM: The solid wood skegs (outer keel) of 
assault barges were cracking and splitting on beach 


landings. 
SOLUTION: The first laminated skeg was researched 


and developed—then built in quantity—by Gamble 
Brothers. 


Design problems like these are “all in a day’s 
work” to the wood engineers at Gamble Brothers 
—a unique organization designing and building 
a wider variety of wood products than any other 


U. S. woodworking company. Today they're work- 
ing in three — areas: (1) improvement of 
present wood products (2) development of new 
wood products (3) product development in com 
binations of wood and other materials. 


Why not present your design or component 
problem to Gamble Brothers? WOOD may be 
the answer! 


FREE booklet illustrates GAMBLE services 


This 28-page booklet de- 
scribes Gamble facilities and 
services in detail. Includes 
many photographs of unusual 
products designed, tested 
and perfected by Gamble 
Brothers. Write for your 
opy today! Gamble Brothers, 
Inc., 4617 Allmond Ave., 
Louisville, Ky 


If the problem involves wood, Gamble can help! 


GAMBLE BROTHERS, INC. 


4617 Alimond Avenue, Lovisville, Kentucky 
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ROLLER BEARINGS 


What would you pay for 
greater bearing efficiency ? 


Under extreme load conditions, Aetna True Crowned Roller Bearings 
have proved their greater efficiency. In exhaustive comparison tests be- 
tween straight rollers and crowned rollers, utilizing the AFBMA formula, 
the Aetna rollers recorded an increased load capacity of over 25% and a 
longer life expectancy of more than 120%. 


What does this greater operating efficiency cost you? Absolutely nothing 
.. Aetna True Crowned Roller Bearings are not premium priced! 

True Crowning as 

So...when you need roller bearings, consider the greater efficiency of produced by Aetna. 


Aetna True Crowned Roller Bearings at no extra cost. They are available 
in a wide range of self-contained, pure radial standard designs, and can Straight roller showing 
be made to order in many special designs of both pure radial and pure stress pattern at roller 
thrust for unusual applications. to race contact. 














For complete information on Aetna True Crowned Roller Bearings, call : True Crowned roller > 
your Aetna representative listed in your classified telephone directory, — showing stress pattern at 
or write for General Catalog and Engineering Manual. roller to race contact. 





4600 SCHUBERT AVE. 
DIVISION OF PARKERSBURG-AETNA CORPORATION CHICAGO 339, ILL. 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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FROM WASHINGTON ... 


Polaris shots timed to motion of sea waves 


Synchronization with wave action is reported to be a criti il factor in firing Na 
1200-mile Polaris missiles from submarines. Navy won't comment, but report 
ire that the missile must be fired between the crest and trough of a w 


perform accuratel\ 


Navy's hydrographic office has designed an electronic sounding system that 
measures wave heights. ‘he machine reproduces wave contours clectronicall 
on a monitoring screen in the submarine. Firing then timed with the wave 


iction 


Government to test facsimile mail 


\ new facsimile mail program will start a 30-day test operation on Sep 15. It 
i 5 I 


dubbed Project Speed-mail. During this trial run, only government mail wi 
} | 


7 


be processed. 


Letters submitted for transmission will be on special forms similar to the war- 
time V-mail. ‘These will be both opened and transmitted by machine. At the 
receiving terminal, machines will print and seal letters, then deposit them for 
delivery. 


First operation of the system will be between Washington, Chicago, and Battk 
Creek, Mich. International Telephone & ‘Telegraph is the prime contractor on 
the project. A high-speed scanner developed by Stromberg-Carlson will be used 
with a Haloid-Xerox printer 


Four receiving and transmitting units will be installed at cach terminal. Each 
has the capacity to transmit and receive an §4-by-11-in. letter, cither handwritten, 
or typewritten, every four sec. Eventually, the Post Office wants to connect all 
major cities with such a system. It won't reveal costs of the operation but says 


they will be low enough to attract a large volume of mail 


NASA lists development needs 


I'he National Aeronautics and Space Administration is looking for a lightweight 

low-conductivity insulation that can be bonded to fuel tanks. The shift to liquic 

hydrogen in upper stages of a large number of the space rockets has produced thx 
£ PI £ s 


requirement 


Because liquid hydrogen has a density only 1/15 that of water and a temperature 
only a few degrees above absolute zero, thermal protection is a big problem in 
designing the large fuel tanks. ‘l’ank-wall temperatures are below the freezing 


point of air, hence the insulation must be impervious to au 


A system to fill tanks with liquid hydrogen is also sought by NASA. Wi: 
inte chilling v1 lures ther vases +] k will ley 
proper prechilling procedures, air or other gases in the tank will condens 


use the tank to collaps« l'oo, rapid filling without proper venting will caus« 


the tank to burst. Also, the change of density of hydrogen with temperature 
39 times that of water. ‘This means a rise in temperature can also cause a tank 


to burst 


Similar requirements on pumps and handling equipment for the liquid hydrogen 
are causing problems for the space agency. Because the liquid hydrogen must be 
pumped at near its boiling point, the agency is seeking pumps and inducers that 
can do the job 
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stainless steel 


No other metal has the strength, beauty and 
versatile qualities that serve you so well today 


and promise so much for tomorrow. 


There is nothing like 
stainless steel for 
THE AUTOMOTIVE INDUSTRY 


McLouth Steel Corporation, 
Detroit 17, Michigan 


A acturers of hi ity 
Manuf . f high quality Look for the STEELMARK 
Stainless and Carbon Steels on the products you buy 


MCLOUTH STAINLESS STEEL 
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Ela CEMENTS 


SUPERB 
BONDING 
AT LOWER 
COST 


FOR YOUR CONTACT LAMINATIONS 


Makers of honey-comb or sandwich panels report that 
Angier Contact Cements deliver an extra measure of both 
savings and bonding performance. 

Easier spraying means greater mileage—a substantial 
S-T-R-E-T-C-H to your adhesives dollar. Smoother, 
more uniform films provide better bonding—show excel- 
lent resistance to dead load, creep, destructive cycling. 
Angier-bonded curtain walls have been found to satis- 
factorily withstand the weather-temperature extremes of 
northern climate for five years. 

Whether for hot or cold bonding, Angier has the right 
contact cement for any type of core and face normally 
in use. Variations of eight basic formulations provide 
working properties to meet your particular plant condi- 
tions and end uses. . . some even allowing open time up 
to 11% hours before nip roll combining. 

Angier is a recognized specialist in contact cements. Call 
on Angier “know-how” and technical service. 

NEW BROCHURE—‘‘Custom Formulated Adhesives for 
Industry” is now available without charge. For your 
copy, write on your company letterhead to Dept. P-8. 


ANGIER Interchemical 


DHESIVES CORPORATIOR 
Finishes Division 


Headquarters Office: 224 McWhorter St., Newark 5, N.J. Factories: Chicago, Ill. e Cincinnati, Ohioe Elizabeth, N.J.e« Los Angeles, Calif. « Newark, NJ. 
* Mexico City, Mex. Adhesives plants at: Cambridge, Mass. « Huntington, Ind. */C and ANGIER are trademarks of Interchemical Corporation. 
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Polish Machine Tools — Low Quality but Low Price 


Pressed by poverty, Russia’s satellite wants markets for her growing 
equipment factories, joins export race by showing 83 new models 
at Poznan Fair. United States and Russia play down their indus- 
trial might—US concentrates on model kitchens and cars; USSR 
propagandizes with textiles and agricultural products. East and West 
Germany draw business with alert exhibits. (Right, fair’s emblem). 


BERLIN Poland is trving hard to find tistics show « I last vear totale 
rkets for her output of new $300 million yf total exports 
ving equipment industries. Coal amounted to 19 In 1957, ma 
nan Trade Fair was her op chinery accounted for 20 of the 

portunity to show the werld what nation’s exports and coal 31 

Polish engineers have designed and At the fair, Poland showed an esti 


+} } . , 2 
vhat th nay 1 pl ype st mated 83 models of machine tools 





half of them prototypes. The model: 


ncluded automatic cam machines, au 


tomatic lathes for longitudinal turning 


working cog and other wheel 
ind an assortment of aut 
inatic metalworking machines 
or mass-production economies, P¢ 


land is offering specialized tools in 


i 
rporating considerable automatiot 


i 


backward nations she wants t 
ll tools that are less automatic no 


rsatile, and suitable for piecework « 


A FORERUNNER OF WHAT'S COM.- 
ING in Polish machine tools—this pro 
totype model of a copying milling 

mall-lot produ tion A third t pe of chine was developed and designed by 
nachine tool is of very simple design the Central Machine Tool Design Office 
to be used for repair work. These it Pruszkow. The machine is capable 


: of turning out cams up to 40 mm thick 
isy to operate and maintain 


Both electronic ind electro-hydraulis 


controls are included 


AMERICAN OBSERVERS’ REACTION 


US visitors to underdeveloped coun 
ies report seeing Polish equipment 
ilready at work It is said to be of 
much lower quality than US counter 
parts. But it is also much cheape! 
Even though it wears out quickly, the 
Polish models provide a much-needed 
quick boost to productivity. W illace 
Carroll of American Gage and Ma 
chine—a recent visitor to India under 
iuspices of the Commerce Department 

reports seeing a large boring mill 
in Operation. Such a machine, he sa 
vould cost about $200,000 from, say 
Giddings 1 1s The Polish 
nodel cost Sf Ut o $70,000 and 
did the same job. The Indians could 

CIRCULAR SAW FOR CUTTING iv four of these machines and ge 


ROLLED MATERIALS is one of the four times the itput 
machine tools displayed by Poland's An 


' 


exhibit f construction 
Cegielski Works Semiautomatic it ’ 
vad-making machines included 


} 


needs only intermittent supervision 
shovels, building c1 


allowing workers to control more than ersal steam 
one of these saws at a time loading equipment, tractor 
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yllers, and mixing machines 
42-9 - ' 
Polish designers also showed 
teletechnica 


equipment, and industrial TV. 


aviation instruments, 


NO COLD WAR THIS TIME 

When planning the exhibit, the 
Poles hoped to renew the spirited 
Soviet-US competition that made th« 
World Fair memorable. In 
is they were disappointed. A main 
feature of the US exhibit was Whirl 
pool’s “Kitchen of the Future,” which 


prompted one Pole to remark, “It’s the 


Brussel 


+} 
tl 


first time I’ve seen an American 
kitchen outshine an American car 

The exhibit also included a Pioneer \ 
paddlewheel satellite, which to the Po 
lish eye looked dike Soviet Sputniks 
shown long ago. US company exhibits 
included, for plastics, an injection 
molding machine by Erie Engine and 
Mfg Co; a four-slide wire forming 
machine by Baird Machine Co; a 
22-ton Torc-Pac press by US Indus 
tries; and pettery-making tools by 
several US makers. GM, Chrysler and 
other compacts were shown. 

The Soviet concentrated on textiles, 
grains, and some agricultural machin- 
ery and equipment. These understate 
ments of the USSR’s economic might 
were apparently to quell discontent in 
the poorest of Moscow’s European 
satellites 

The Germans, both East and West, 
were largely responsible for whatever 
businesslike aura that foreign visitors 
brought to the Fair. Piccard’s deep 
sea-going capsule built by Krupp drew 
considerable admiration. West Ger 
man salesmen were especially active.® 


Scientific Instruments 
Can Now Be Rented 


New Yorx—Electron microscopes 
and X-ray diffraction equipment—too 
expensive for most schools and labora 
tories to buy—can now be leased. J. J 
Graham, divisional _ vice-president, 
RCA Communications and Control 
Div, says the equipment is being of- 
fered with no down payment; prorated 
credit for part of each month’s rental 
may be applied toward outright pur- 
chase during the five-year lease tenure. 
Graham believes the program’s great- 
est benefit to schools and colleges will 
be in enabling them to incorporate ex- 
pensive equipment into research and 
training programs that depend on 
funds vear-to-veal © 


Direct Translation of Contour Operations by Numerical Control 





Punched-tape programming is now applicable to contour operations, says GE’s 
Specialty Control Dept, Waynesboro, Va. Its new “Mark Century numerical 
control makes it possible to program a majority of contour operations directly 
from engineering drawings—bypassing the need for computer interpolation 
For parts involving only straight cuts, slopes, and ares of circles, a control 
manuscript may be prepared directly from engineering drawings. Control 
has the built-in capability to order slopes and arcs without need for point-to 
point programming instructions. Given length and direction of slope, or radius 
and length of arc, it translates them directly in terms of machine motion 
Solid-state device will cost about $10,000 per motion; for example, a machine 
needing x, y and z axis motion would cost approximately $30,000 


Flying on a Wall of Water 


Another entry in the Navy’s growing fleet of air-cushion vehicles is the 
hydroskimmer, which recently made a trial run in the Pentagon lagoon. 
Built on the “water-wall” principle, the vehicle maintains its air cushion 
with solid lateral fins along the sides, and walls of water at front and back 
The water is scooped up and pumped with force from nozzle bars on the 
underside of the hull. The craft has three 80-hp Mercury outboards—one to 
operate the air-cushion fan, one to pump water walls, and the third to drive 
two propellers for forward motion. Forward motion also derives from the 
water walls which discharge at an angle. This pilot model is 21 ft long, 11 ft 
wide and rises about 2 ft above water level. It was developed by Kiekhaefe1 
Corp. This is the second craft on the water wall principle to be tested by the 
Navy recently (PE—June 27, p 19) 
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Conversion to Gas Turbine Power Ups Amphib’s Payload, Spee 


Detrroitr—Conve n of an ipl af 
ious landing vehicle, the L\ ‘ 
from reciprocating gasolin 


turbine pov 
| 


hang \ 
Industri 
General Elect 


irl 
urDinc 


nlarging craft’s cargo 
u ft or 334 
Ihe 30 
f the 
redited 
physical quiy icteristics 


mbined vy wart-shi neers say 


g of the Model 72 bov hp turbine will 


nsn n, pel rpm through 
gear and then 


idditional gear 


Soviet Machine Tools 
on Sale in West Germany 


BONN The Soviets I marketing 
iricty of machine tools in West Ger 
many, promising delive n receipt 


f order, servicing of part in 24 hour 


Now on sale in Cologne, the range 


cludes lathes, automatics, milling ma 


hines, boring machine ind grinding 
machine il ng W th gaging and sizing 
quipment 

Bigge st sc lling poin for the Soviet 
here is the quick-deliver promise, be 
cause long delays are commonpla 
Prices quoted by the Soviet ag 
ompetitive with prices of 
machin tools ind n 
lowe! 

Most of inquir rece 
Cologne firm (Gertner, Fuhrmeistet 
& Co, representing Standhoimponot 
of Moscow) have been from small and 
medium-small machine-tool uset 

\ leading Germai 
manufacturer gues 
chances of doing sul 
ire limited because « 
German machine-too 


erence to machines tailored 





to requirements rather than to star Inner spherical seat for the main pintle bearing assembly of the Navy’ 
irdized units such as the Russians are Sugar Grove, W Va radiotelescope is nearing completion. Baldwin-Lima 
Hamilton’s Industrial Equipment Div reports the 224-ton forging is ; 
high and 12 ft across. Its job is to keep main bearing in alignment 

600-ft-dia telescope rotates about its vertical axis. Seat’s partial-sphere shap: 


mass-producing. He uggested the 
Russians would be better advised to 


focus their machine-tool marketing ef assures positive seating of bearing regardless of telescope’s position as it rotate 
forts on underdeveloped nation a through 360°. (For other engineering data see PE—N 16’ 
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SAVE COST 


Again, how simple this shaft becomes when you use Hyatt 
Hy-Roll bearings. It’s easy to design, quickly drawn and requires 
no costly end clamps, threads, nuts, screws or washers. That’s 
because Hyatt Hy-Roll bearings can be pressed on the shaft 

. to become, for your purposes, virtually a part of the shaft. 
Since Hyatt Hy-Roll races are made from case-hardened, carbu 
rizing type steel, rather than through-hardened, they permit 


much heavier press fits without danger of cracking. 


























ALL THESE 
SOLVED WHEN 


- 


SAVE TIME 


When equipment is being assembled you can se« 


Hyatt makes all separable races interchangeable within 


why 


the same part number. It allows you to press an innet 
race on the shaft at one work station, then later fit it into 
any of the mating assemblies already installed in th 
housing. You don’t have to worry about matched as 
semblies because with Hyatt Hy-Rolls selective fits are 


unnecessary. Think of the time it saves! 
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PROBLEMS ARE EASILY 
YOUR ‘SPECS’ READ 


COMPENSATES FOR 
SHAFT EXPANSION 


Heat can be a critical factor in the choice of a radial Hyatt produces 10 major bearing types—four have 
bearing. When the temperature rise causes lateral shaft = 
It’s a problem you can avoid, very simply, with Hyatt 


Cylindrical Roller Bearings. In Hyatt’s design, an extra —and two have separable outer races. 


expansion, it’s safer to avoid laterally locked bearings . 
, separable inner races 
Used on a long shaft, they become misaligned, cramped, 


and overloaded when the shaft begins to heat up and 7 





expands laterally —four non-separable 


length, separable inner race allows the shaft to float 


horizontally. This bearing compensates for lateral expan The separable race can be omitted and rollers oper- 
sion, automatically, without changing the be: ge centers i m : i 
ion, automatically, without changing the bearin aes ated directly on the shaft or in the housing bore, in 
and without depending upon uncertain float of a bearing 
loosely fitted in a housing. The usual practice is to hold instances where the bearing surfaces can be brought 
one end of the shaft or roll while you allow “free lateral 
at the other end by using a Hyatt Hy-Roll Bearing with a 
separable inner race For full details on selection and application 
of these bearings see Hyatt Catalog 150 or 
call your nearest Hyatt sales engineer. 


to suitable hardness and finish. 


Hyatt Bearings Division, General Motors Corporation, Harrison, New Jersey 


YAT VT iar. ROLL BEARINGS 


IN ROLLER BEARINGS HYATTIS THE WORD FOR REI 


tutes 
moroes 
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This apparatus measures automatically the pitch errors 


RE-FRINGE TECHNIQUES permit automatic measur 
in lead screws 


in a gear hobbing machin¢ 


MOI 


lent dynamic errors 


Low-cost Diffraction Grating Checks Lead Screws 
us bears ag the fla 


way to position of each line in this scale w 
the mean position of ill lin I I pen traverses a chart \t 
ime time, pulses originating fi 


GLascow, SCOTLAND—A new 
he 


oduct diffraction gratings—moire 
4 4 
101 » that with N lin 


which greatly reduce 
ting 


focusing on the gra 


us 9 


fringe techniques 
1 imaccuracies—has been 


nachine-tool 


1 reduction of 
veloped by National Engineering ite a » Sachew af the ond alee quameendinn 
tory here. In addition, measu obtained. The effect of a ndividt g 

} rror of plu or minus U.UU } 


Have 


rating pitche Vhi 


labora 

corder-pen voltag: 

of a linear d n dashes are marked 
by tl cha ( the 


been devised whi 
or accurate control of ma in the lead screw 
movement error engine has been climinated 
the main obstacles to th yrocess. savs NEI \ po 
Along with improved accurac' rmines displacement 
this method, production time 1 th hart Over-all me 
| d for thi 


\ 10,800-line 


(one of 
yeneral adoption of diffraction grating 
st of producing suitably 


scales NEI has siderably reduced 
needed four days of 


has been the c 
long and accurate 
method that is quick 

us ruling yroduced 1 bor 
! ne table can be 


rate than conventional is 1 
hours it] nv of the ruin g machi 

] r [ cs ll acl In 

i hobbing 


] 
Dreviousl' 


nd requires only a small 
ection of grating to be produced « tool wear a 
ntionally eSSES 
[his section is mounted rigidly 


in 


One examplk 
diately above a photographic plate hecking of pitch error 
o the movable table of th up to 18 ft long has been achie 

t ha the worm-dr 


engine. The engine index« Ihe lead w under test is mount 
on V-blocks on a girder-type surf ir diffraction 
} ] Nn ( ncentrically Ol 


through intervals equal to 
n required grating plate. A carriage, running on al 

ings parallel to the girder axi hxed 
passes through the scal dles the test 


to the photographic plate 

table moves to its next posi of a moire fringe grating s\ 

im is cut off by a shutter in I ng iterference band 

ill-ended 

thread flank 
he rotation of the table, th 


the Che servo-driven rage : 
fall 
( Ip] ] | i! oidal electric 


over the 


1 indexed position, a parall 


measuring ¢Cquipmct 


ll 


inductive gaging id | wi 
which another wo gratings and 
hotocell t 


ire several lines in 
plate tinuousls 
} 


thread flank is approachec 


+) 


ction, the scale lines on the 


1 be built up by the exposure of su 


lines in the section and the stvlus is automa 
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fixed to the driving shaft. Th Decoded Words Flashed on Oscilloscope 
ing systems are arranged so that 
spit the different rotational specas 
f the table and drive ig] from 
the two systems will be ( 11NiC 
frequency Under ideal condition 
therefore, there would be a constant 
phase-difference between them, but in 
practice, gear error usc = pha 
changes An output \ tage propor 
tional to thi yhase-difter which 
in mm is proportiona 
developed DV a pha 
erro! nal 


et cc 


through an amplifier Vhi mot 
ay r 


! 


drives a cam moving th [ 
f a differential gear 
decrease the main drive 


vy continuously cancell 


curacy claimed is plus or minu 


Cc" of iT¢ 
Nick Landon, | 
Prototype of monoscope character-generator developed by A B Dick Co is 
r displayed at opening of company’s new research and development lab. The 
Engineering ~ & D Brings generator converts digital pulse codes into video signals which can be dis 
“I; . *.* played or printed instantaneously. Unit on extreme left is running a con 
Millions to Universities tinuous loop of printed tape which carries message shown on oscilloscope. Ir 


Wasuinctron—In ff center are three modules that convert tape pulses into video waveforms 


neering schools allocated $70.9 million 


for R & D. This is about 20 
the $327.5-million } +] 
ng Schools ar ‘ nding the 
search by the 1 ier 4} aid 
scope of neu program 
universities Lh g pro ' + s 
: ‘ \ ‘ ' About $10 milho I of thei 
by tl tional Scie ; ’ 
s , , " R & D was in physi her than en n ot the Z 


flect the ' ' 
ginecring § nce vith much of it n pe l xpenditur 


“ I 
Dasic researcl Lh NSF finds that 
} } } 


now about T sic research in 


Low Corrosion Rate of Ti-Pd Alloy Confirmed 
N1AGARA FALLs 


ion resistal 


idium alloy 


ecent test 
ments ata 
ind in the | 
cal produce riginal te by the 
illoy developer nion Carbide Metal 
Co, were repi 1 at the time th 
material y ymmercially avail 
ible (PI 13 °5 I 2) but the 


nillion origi newer tests wet longer duration 


ense department ' ‘hey were conducted | rg Na 


chools themselves paid for tional I 
million: industrv contracted Southern Chemical ¢ 


c 


10 million At Argonne, samples 
An incr ising amount of engine titanium and titanium-0.2 | ladiun tf | f titaniun } 


ing R “A 1) is falling nto th basi re alloy were suspended in b il ng 5 il monk mder lh 


gory. ‘The schools reported sulfuric acid. Commercial titanium ( i lladium addition 
Q —— P » cate te I +} 


} 
( 


of their fisca SS work showed excessive corrosion after 
In 1954 only hr; after 170 da the titanium-pall 
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SOLVING MATERIAL 
DESIGN PROBLEMS 


BOND STRENGTH 


The trick is in the adhesive. CDF’s Di-Clad® printed circuit boards are tested for bond strength in this precision machine. 


CDF has developed special adhesives for bonding 
copper foil to laminated plastic boards. These adhesives 
produce high peel strength, have excellent hot solder 
resistance, etch cleanly, and provide high insulation 
resistance 


In addition to its own adhesives, CDF makes resins 


and papers. control several 
steps beyond simple pressing operations . provides 
you with Di-Clad boards of excellent and uniform 


properties 


This extends quality 


CDF manufactures the largest selection of grades to 
meet every major civilian and military requirement 
In addition to Di-Clad printed circuit boards, CDF has 
special combination materials to solve extra trouble- 
some problems. Example: asbestos bonded vulcanized 
fibre for circuit breaker arc chutes where the fibre 
quenches the arc and the asbestos guarantees fire 
resistance. 

If you don’t see the grade you want in CDF’s catalog in 
Sweet’s PD file, write us. 


@ CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -Afwa4/ COMPANY * NEWARK 40, DEL. 


in Canada, 46 Hollinger Road, Toronto 16, Ont 


Vibration-free piug bases, fabricated 
by CDF. A special bond of CDF Dilecto 


22 CIRCLE 22 ON READER SERVICE CARD 


High reliability printed circuits for mili- 
tary applications. Made from CDF's glass- 
laminated plastic and rubber. base Di-Clad laminated plastic. 


Low-Cost commercial circuits. Made 
from CDF's paper-based Di-Ciad copper- 
clad laminate 
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for a ‘‘creative analysis’’ 


of your circuit 


termination program... 


That's what C A is all about—time, your time 


and money and circuit reliability 


AMP's Creative Analysis is a cost-free 
program that studies every aspect of your 
termination department and its relation to your 
total manufacturing operation. Not a 
superficial glossing of obvious facts, C A is a 
penetrating, thorough examination by 


a team of experts 


We've done hundreds of Creative Analysis 

Studies, cutting costs 50%, 100% and 

more boosting production manyfold 
and solving the most stubborn 


problems of reliability 


It's time to look at your circuit termination 
program—time to discover if you have the most 
efficient operation possible. In fact, it’s time 


to send for our brochure on C A 


tk 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada + England « France « Holland « Italy « Japan « West Germany 
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POINTS OF VIEW 








Every year about this time a flurry of brickbats 
and bouquets heads towards Detroit as the new 
cars are unveiled. Automobile styling has caused 
more controversy than any of the ever-changing 
women’s fashions—only a few claim the ability 
to design a dress but just about everyone thinks 
he can style a car. The man at General Motors 
Corp who has the job of trying to please every- 
body is the vice-president in charge of styling, 
William L. Mitchell. 

It's been said that Mitchell has gasoline in his 
blood—he has been designing cars on paper since 
he first learned to draw as a youngster in Green- 
ville, Penna. Mitchell’s father, a Buick dealer, 
was delighted with his son’s artistic ability, but 
became impatient with his obsession for drawing 
nothing but automobiles. After much study 
Mitchell became a commercial artist in New York 
City, drawing cars for auto ads. In his spare time 
he would go to private racetracks and draw 
racing cars. When a Detroit businessman saw 
some of these sketches, he told GM’s styling head 
about the young man in New York. At the age 
of 23, Bill Mitchell began working in the styling 
department of GM, and after only one year he 
became chief Cadillac designer. Military service 
took him away from his drawing board for three 
years. Then, in May 1954, he was named director 
of styling—the post he held until being elected 
styling vice-president. Two months ago, the Indus- 
trial Designers Institute awarded him its 1960 
gold medal for the design of the Chevrolet 
Corvair.—FG 








THE Question: How Do You 


William L. Mitchell, the man responsible 
for the styling of GM’s five automotive di- 
visions, gives our Detroit editor, Felix Gior- 
dano, the lowdown on automotive design. 


[hough we still use the word “styling,” our function 
is really integrated design development—a total-design 
concept based on a main theme with variations for 
individual line identification. Styling is generally un 
derstood to mean the additional decor, both interior 
and exterior, which goes on the basic design. ‘While 
we also have that function, our primary goal is develop 
ing the basic design. 

Remember, cars are for people. Therefore, human 
engineering is the first consideration in new-car design. 
We are constantly exchanging information with other 
advanced agencies doing research on vehicle-seating 
such as the Air Force, the airlines, and the aircraft 
industry. Our primary consideration is to see how 
comfortable we can make the driver and passengers, 
remembering that these are real people, not “average” 
people. We don’t design for the mathematical, but 
fictitious, “average” size; we allow for substantial varia 
tions or deviations from the “average.” 

In planning a new-car design, we make what we call 
a “buck”—the foundation platform for our model. The 
first thing we add is a wooden framework simulating 
the passenger space. Not until we've produced a satis 
factory passenger compartment do we add the engine, 
transmission and other mechanical parts of the new 
automobile. This concern with the driver and pas 
sengers remains fundamental throughout the entire s¢ 
quence, influencing such things as design and location 
of suspension, size and shape of doors, windshield, back 
light, windows, controls 


Wants “Happy” Buyers 


We are in the business of selling cars, so our purpos« 
must be twofold: designing a car that people will buy 
and making them happy with their purchase so they 
will “repeat” when they again are in the market. It’s 
no secret that appearance is the first thing people con 
sider when shopping for a new car. They must like 
what they see before they get in and try it out. We 
therefore keep our finger continuously on the pulse of 
American car buyers to determine the trend of their 
taste. This matter of taste is a ticklish one. You 
can't come out with a design that satisfies only the 
designers; you've got to satisfy the consumer. 

l'aste is a continuously changing, developing thing 
We must gage the particular direction in which taste is 
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“Style” Cars at GM? 


developing, and estimate how far along that road the 
people will have traveled by the time the new design 
appears. You can lead people a little, but you can’t 
get too far ahead of them. You can’t be too avant 
garde—not if you intend to stay in business. 

We spend a lot of time and energy finding out what 
people will want two, three, four years from now. Most 
important, we keep a weather eye on sales of all cars, 
in all parts of the United States. Sources tell us what 
is happening; it’s then up to us to find out why. This 
process is not an exact science, but we are successful 
most of the time. Even so, there are times when a 
particular car will have better than normal sales for 
But that’s 
what makes our function so interesting. It would get 
mighty dull if it were a sure thing. 


no reason that we can put a finger on 


While our designs are influenced by our judgment of 

what will sell, this doesn’t mean styling is dominated 
by Sales, a mechanistic notion that has been circulated 
from time to time by some design critics, who them 
selves seem more interested in “good copy” that will 
sell” than in accuracy. I suppose the theory behind 
that notion goes something like this: General Motors 
but it could be any other company) is interested in 
designs that will sell. Appearance is what first influ- 
ences a prospective buyer. The sales department knows 
what will sell. Ergo: the sales department dominates 
appearance and styling 

At first blush that sounds like pretty good reasoning, 
but as the facts belie the conclusion, there must be a 
flaw in the reasoning somewhere. And the flaw is in 
the assumption that General Motors, or any other 
well-run organization, would rely on the judgment of 
iny one group to make company-wide decisions 


Evolution of a Design 


After we develop the basic theme of the new car, 
we call in the particular division involved. Generally 
the division’s body engineer is called in first, then 
the chief engineer, and finally the general manager. 
\fter that, a company-wide Engineering Policy Com- 
mittee meets to iron out and resolve differences. The 
final design is a composite of the efforts of a design 
team. Undoubtedly you have heard of the big fights 
between engineers and stylists when working up a 
new-car design. These have been greatly exaggerated, 
but the reports were not without a foundation of truth. 
he situation has changed in recent years. Engineers 
now fully appreciate the contributions of the designers 
to the success of their cars, while on the other hand, 
many of our designers are engineering graduates or have 
1 substantial engineering education. Neither group 
feels that the other is intruding, though there was a 
time when the situation wasn't so happy. 
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Historically, our design effort has bee: 
One, fundamentally educational and probing in n 
1 long-range effort; the other, more immediate, con 
cerning itself with reflecting the state of development 
of the public taste. We dream, but we keep our feet 
on the ground. From time to time our designers have 
gone blue-sky, and we have made full-scale working 
models of what cars might look like at a future date 
we exhibited these dream cars all over the country, 
stimulating the imagination and educating the taste 
of the American public These cars were definitely 
avant-garde in styling and in some engineering concepts. 
hey educated the buyers and at the same time they let 
us know what they were ready for. When many viewers 
asked why they couldn’t get such-and-such a feature on 
their car, we made that feature available on production 
models 

If enough people wanted the whole car, we produced 
the whole car. Instances of features that were included 
in later-production cars are the panoramic windshield, 
first shown on a 1951 Le Sabre, and the four headlights, 
dating back to a 1954 dream car, La Espada. And two 
cars jumped from “dream” right into production: the 
Eldorado Brougham and the Corvette. More recently 
our efforts have developed in the direction of advanced 
‘idea cars,” with greater emphasis on engineering ad 
vances: electronic controls, airplane stick, gas-turbine 
power plant. And, of course, ling concepts in 
harmony with these advanced mechanical! designs. In 
cidentally, the combination of advanced mechanical 
design concepts with suitable styling ideas is perhaps 
a reflection of the increased integration between engi 
neering and styling at General Motors 


Tomorrow’ s Car 
Cars of the future will tend to reflect more a 


Undoubtedl\ 
e ; 
ipproaching a period when cars will be made in a 


the personality of their owners 


variety of sizes. The “family” car will 


ontinue, of 
course, but alongside it there will grow more and more 
the personal car and the utilitarian, multipurpose type 
of vehicle. The station wagon and, more recently, the 
pickup truck that looks like a car, are instances of these 
trends Already there are color combinations that 
proclaim the sex of the owne1 

Make no mistake, America is fast acquiring 
of its own, an urban and suburban culture that 
reflected in the styling of its automobiles. ‘Time 
when we wanted our cars to have a loud exhaust, and 
we managed an occasional backfire to add to the nois 
Now we prefer our cars to purr their muffled power 
lhe same thing is happening in design. As we move 


into the future our designs will become mo: btle ar 


more graceful in their variety 





“CRONAFLEX® gives us better reproductions; cuts processing time for 


reproducibles 73%’ 


A new blueprinting machine with special lighting fea- 
tures and additional tanks for photographic processing 
has been installed at Portsmouth Naval Shipyard. Not 
only does this machine process conventional blueprints, 
but it also produces photographic second originals on 
CRONAFLEX in a continuous process. 


“CRONAFLEX Direct Positive Film has almost 
completely eliminated our need for the conventional 
intermediate negative. Work that previously took two 
employees 104 man-hours is now done in 14 hours. We 
have eliminated the negative material and the man- 
hours necessary for the processing and spotting of these 
intermediates. In all, we feel CRONAFLEX has, by its 
photographic versatility, increased our production of 
reproducibles 400%,” according to Mr. Eckhart. 

He continues by saying, ‘‘The Shipyard’s experience 
shows still other CRONAFLEX advantages, such as 
moisture resistance and the durability of the rugged 
CRONAR® base. For example, the fast drying of the 
“‘Cronar’’ base saves us many production hours. The 
reproductions are ready immediately for blueprinting 
when they leave the machine, resulting in increased 


—W. H. Eckhart, Chief Design Engineer, Portsmouth Naval Shipyard 


blueprint production and the release of 315 square feet 
of floor space previously needed for air drying.” 


CRONAFLEX Films can cut costs in your operation. 
For information or a demonstration, contact your Du Pont 
Technical Representative or write: E. I. du Pont de 
Nemours & Co. (Inc.), Photo Products Department, 
Wilmington 98, Delaware. In Canada: Du Pont of Canada 
Limited, Toronto. 


The moisture-resistant, fast-drying polyester base makes CRON A- 
FLEX a natural for this continuous system where reproductions 
are fed through five rapid-drying drums ranging from 100 to 140° F. 


Portsmouth Naval Shipyard experts inspect a reproduction on CRONAFLEX. Left to right: C. R. TUTTLE, JR., 


Engineering Draftsman; W. 


*t6 u 5. pat OFF 
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H. EcKHART, Chief Design Engineer; E. H. MARCOTTE, Supervisory Naval Architect. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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FALK Motoreducers driving log conveyor ond refuse conveyor at the 
modern mill of The Bohemia Lumber Company, Culp Creek, Oregon. 


FALK aid steel Motoreducers give you longer service life 


in 

Whether your load conditions are normal or heavy, the extra rigidity of all-steel 
construction (more than twice that of cast iron) maintains better alignment of revolving 
elements under load...a vital factor in prolonging the service life of gears and 
bearings. 


And if your installations are subject to shock loads, or accidental external impacts, 
you're way ahead when you install Falk All-Steel Motoreducers. These rugged units 
do not destroy themselves by tearing off their feet under jamming overloads, nor are 
their housings subject to cracks which both dissipate the vital lubricant supply and 
allow revolving elements to get out of alignment. 


All-steel construction is one of the built-in extras that you get in Falk Motoreducers. 
Others include: (1) inherently stronger gear teeth (by AGMA standards), thanks to 
exclusive Falk extra-depth, high pressure angle helical gears; (2) maximum mechan- 
ical efficiency (982% per gear mesh, under full load); (3) your choice of standard 
units (horizontal, vertical or right angle) to fit your precise requirements. 


HORSEPOWER RANGE: to 75 hp ... STANDARD OUTPUT SPEEDS: 780 rpm (high) to 1.2 rpm (low). 


Prompt delivery from distributor stocks, or from ware- 
house or factory. Ask your Falk Representative 
or Authorized Falk Distributor for Bulletin 3100, 


THE FALK CORPORATION, MILWAUKEE 1, WIS. AL 
MANUFACTURERS OF QUALITY GEAR DRIVES AND FLEXIBLE SHAFT COUPLINGS 


Representatives and Distributors in most principal cities 


.0 good name 
in industry 


Teke your choice of ali-stee! 
drives when you specify Falk 


THE FALK ALL-MOTOR 
MOTOREDUCER 
.- the original All-Motor unit 


THE ALL-STEEL FALK 
SHAFT MOUNTED DRIVE 


Torque ratings to 44,000 Ib-in 
at low speed shaft. Also avail- 
able in flange-mount design. 
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Engineer's Point of View 


To the Editor 

After reading Mr. Jaekle’s argument 
‘ wrifying the Engineer” in your 
7 issue, p 20, I realized that some- 
ould explain the engineer's point 

view on this situation 
First of all, the engineer would like to 
e himself in a profession equal to 
level of a doctor or lawyer so that 


> may raise his salary and prestige. This 


log? al ipproach since most people 
to make more money and enjoy 
prestige The question 1 vhether 
1ot the engineer is justified in de- 
manding these benefits. To answer this 
questhon I would first like to point out 
that the average salary of engineers is 
approximately $8000 per year. This is 
small compared to that of doctors and 
lawyers. Our engineers today play a major 
role in both the security of our nation 
and the advancement of the human 
De doctors and lawyers help society to 
vreater degree than this? I don’t think 
Mr Jaekle points out that it often 
takes both a Mechanical Engineer and an 
Electrical Engineer, and others to com- 
plete a project. My point is that it also 
takes a lawyer, a judge, and a jury to 


convict a criminal. Many times it takes 
two or three specialists and their nurses 
to complete a successful operation. A 


human being is fallible whether he be a 
doctor, lawyer, or engineer, and he should 


efore ing an important d n 
l is a fool 

ange : , 7 y society pla 

has the responsibility for adding ideas and correlating the Phy. bility on Ls 

work of others to develop a superior design. Rockford nore and more right 

Clutch has designed and supplied clutches 


} 


Cooperation is the key to any product. One man, perhaps you, 


for hundreds of products . . . let them 
help you. Their recommendations Pee Ss" - sepa 4 * a 
are without obligation and they oe ae weet te Chem thn om, 
are recognized leaders he 
in the field of clutch 
design and manufac 


nie 


x a professional 


ture. Whether it’s a a <B losurn R | om 
clutch for a motor Mechanical Engineer 
truck, lift truck, bus, Spark Plug, Milwaukee 
tractor, lathe or other 

equipment—call or 

write for recommend- 

ations on the 

Rockford Clutch 

to fill your needs. 


ROCKFORD CLUTCHES 


ROCKFORD CLUTCH DIVISION mae) BORG-WARNER 


engineer 
ybolishing th 

209 CATHERINE STREET j Export Sales : I 
Borg-Warner International 


ROCKFORD, ILLINOIS ff 36 So. Wabash, Chicago, Ill, 


CIRCLE 28 ON READER SERVICE CARD PRODUCT ENGINEERING + AUGUST 15, 1960 





ognizing 
draftsman 
to tact 

Every 


1ustr\ 

ment. Floorsv 
ilmost anyone b only 
+} 


th nental agility and experience 


orrect and gainful 
cast } 


lecision 
lirty floor 


ner 


COMING EVENTS 


AUGUST 
Cr + aes 


Hilton | 
23-26 


reren nd 


7 a 
hanical Engin 
Transfer Cor 

ido Be 


SEPTEMBER 
6-16. 


Builder 
necring 


Chicago 


PRODUCT ENGINEERING + AUGUST 15, 1960 


WALDRON 
Series “M” 
Couplings 
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LOCK BUSHINGS 


The new Series M couplings—with nylon gears and steel sleeves—need 
no lubrication. Equipped with Taper-Lock bushings—each coupling size 
can accommodate a range of shaft sizes. For instance, the 162M, now 


available, will take shafts from ' 


2‘‘ to 1%" with proper size Taper-Lock 
bushings, and up to 2” without the bushings. Hubs are machined from 
bar stock and the one piece sleeve is made of steel. This design means 
a smaller, light weight coupling that is easier to install and maintain 
and yet can transmit the necessary power. Size 162, Series M gear 
couplings can be used for continuous operation up to 5000 rpm at 


torques up to approximately 2000 inch pounds. 
WRITE FOR CATALOG 


WALDRON |.) } ouplings 


UL 


WALDRON-HARTIG DIVISION 
MIDLAND-ROSS CORPORATION 
BOX 791, NEW BRUNSWICK, N. J. 
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For every power need... 
rm a complete line of Ford Engines, ranging 
~ from 134- to 534-cu. in. displacement! 


New, but no rookie in dependable, proven perform- 
ance ...the 292 Heavy Duty V-8 is built with Ford’s 
characteristic attention to advanced engineering— 
based on years of Industrial Engine know-how! And 
it’s available as a new economical foot- or skid- 
mounted power unit. 

The 292 V-8 combines long-lived dependability 
with peak performance. These are counterbalanced 
engines . . . rugged, yet compact . . . economical, yet 
powerful . . . advanced, yet proven! 

Ford Industrial Engines offer features like rigid 
Deep-Block construction that cuts vibration to the 
. Short Stroke Design for fuel economy and 
more usable horsepower . . . Full-Flow oil filter that 
cleans all the oil . . . and Free-Turn valves for longer 
valve life and improved seating. 


bone 


The summation: More horsepower per pound of 
engine weight than ever before possible! All this in a 
line of engines that range from 134 to 534 cubic 


inches, including three Super Heavy Duty V-8’s and 
three economical Diesels. Most engines are available 
as engine assemblies or complete power units. 
Gasoline models can be adapted to LP-Gas or 
natural gas fuel. 

And don’t forget that low-cost Ford parts are as 
near as your closest Ford Power Dealer for eco- 
nomical service when you need it! 

Whatever your business, whatever your equip- 
ment ... there’s a Ford 4-, 6- or 8-cylinder engine 
that’s right for your job. See your Ford Industrial 
Products Dealer today! 


INDUSTRIAL ENGINES 


AND POWER UNITS 








( West of Rockies write to: 





(= 
1G 


INDUSTRIAL ENGINE DEPARTMENT, FORD DIVISION, FORD MOTOR CO., P.O. BOX 598, DEARBORN, MICH. 


—— FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 6787, LOS ANGELES 22, CALIF. 
—» FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 1666, RICHMOND, CALIF. 
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AL 
ANSWERS YOUR 
QUESTIONS 


ON 


VACUUM MELTED 
STEELS ano ALLOYS 


@. Where are vacuum melted alloys best suited? 


A. For exacting applications—including materials for 
rockets, missiles, and jet engines. And other places 
where expensive machined parts are involved. In 
highly stressed parts where failure is highly costly. 
Where increased reliability is vital. 


Q. What are the advantages of A-L vacuum melted 
alloys? 


A. You get parts with optimum quality for critical 
applications—higher mechanical properties, better 
fatigue strength, improved toughness, and better 
transverse ductility. You also get maximum insur- 
ance against internal defects through improved clean- 
liness and decreased gas content. And hot and cold 
workability are improved, the material is more homo- 
geneous, and properties are better. 


Q. How are these metals made? 


A. A-L uses all three of the vacuum melting proc- 
esses. Consumable electrode vacuum arc remelting is 
used to produce A-L Consutrode™ steels and alloys 
in ingots up to 20,000 pounds in weight. Induction 
vacuum melting is used to produce 2,000 pound 
heats of Allegheny Ludlum Invac materials. And re- 
melting Invac electrode stock by the consumable 
electrode process produces A-L Invacutrode steels 


and alloys that have the best possible combination of 


chemistry control, cleanliness, and homogeneity. 


Q. Specifically, what metals are available in A-L's 
premium quality melting? 

A. Most of the steels and special alloys—low alloy 
steels, bearing steels, stainless steels, tool and die 
steels, and high temperature steels and alloys. 


Q. In what forms are these A-L special steels avail- 
able? 

A. In all commercial mill forms—plates, sheet, strip, 
billet, bar, wire, tubes, and even extrusions 


Q. How do these vacuum melted alloys compare in 
cost with ordinary alloys? 

A. Naturally vacuum melting costs more. Consu- 
trode alloys are the least expensive, followed by Invac 
alloys and Invacutrode alloys. Their use is economi- 
cally justified by the improvement of quality in the 
finished part, the quality required by the severity of 
the manufacturing process involved, and the increase 
in the yield of sound parts. 

Q. Where can I get more information? 

A. Ask your A-L representative for your copy of 
“Modern Melting at Allegheny Ludlum.” It gives 
technical data on the new melting techniques 
and quality improvements in materials. Or write: 
Allegheny Ludlum Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pennsylvania. Address Dept. PE-8. 


ALLEGHENY LUDLUM 


PIONEERING on the Horizons of Steel 
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this much abrasive metal... 


Washers go global 


When it comes to home laundry machin n 

orner of the world has a corner on innovation 

New ideas are coming from all over—Britain 

Japan, the US. And the latest design from Japan 

has no corners at all. It’s a globular unit that get 

ts detergent action by “hermetic sealing and aa 

ritation to create a buildup of pressure.” Opening 

the cover then suddenly relieves the pressut JAPANESE WASHER 0} 


| 
; erates much like 
yosening the dirt and permitting its easy remova 


beater, hand-operat 
n a rinsing operation. ‘The period of agitation i 
than half a minute; the water temperature a Wash 
can destroy precision parts ! mere 105 to 180 F. The unit is designed for ecépl 
inual operation, and weighs just 4 Ib. Nagat 
rading Co, Yokohoma is the exporter 
he latest British idea in washer design featur 
in agitator (see diagram) in which bulg« n 
PROTECT tumbler-type washing cylinder serve as buoyan 
hambers. This helps to relieve the dead weight 
m the bearings, and provides recesses which « 
the articles being washed, lifting them out 
water and dumping them back to creat 


YOUR PRODUCTS loosening draining action. Vanes, mounted 01 


nside > help to reduce tl 
inside of the chamber, help to reduce th BRITISH WASHER 


new-type chamber that pr« 


+} 


ie recesses and improve their lifting 


English Electric has patented thi n vides dual cleaning actior 


WITH LOW COST Straight line to better bulbs 


New straight ont ncan nt neal ( ! 

resistance. And, says GE, the new lam} eing introduced this fall, w 

dimples in the glass bulb that will interlock with the metal base, providi 
chanical grip that will hold even he adhesive fai hese lamy 


tandard-size, but the new design could meat nger life f 


PI July 1s 57 is well 


What's in a guarantee? 
PLUGS Guarantees will be taken literally from now on, if the Federal |] 


product has moving parts mission has its \ When a product is guaranteed for a “lifetime 


na fluid, you can re the lifetime « he purchaser and not some hetitious life The guar 
sar with Lisle Mag- will also state what will be done to make amends, and what the time limit 
These are the key points in a “voluntary” guide released by FTC to help 
businessmen reduce complaints and avoid formal FTC proceedings The fu 
, ause of wear. text, plus a discussion of its implications, may be obtained from National Better 
e Magnetic Plug removes Business Bureau. It’s Periodical No. 1703. Single copies: 15¢ 
oarticles from the lubricant 
assures longer, quieter oper 
tion of the products you make Keep posted at work 


e Maanetic Pluas can be used An AM radio specifically designed for office us« 
1 place of any ordinary drain or equipped with a nois¢-suppressing Filter-tenna that 
fill plug it is claimed, “virtually eliminates interference 
and “makes it possible to enjoy reception from 
FREE Samples for Testing in many weak, distant stations that cannot otherwis« 
Your Product! be heard.” Being introduced by Zenith Radio 
Corp this fall, it operates on ac or de, has a 7-by-5 
in. tilted speaker, and a tone-control adjustment 
“Suggested Price”: $39.95. ARG 
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LETTERING COSTS 
IN HALF WITH 
CLEARPRINT 
“FADE-OUT” PAPER 
GUIDE LINES 
IN 
TITLE BLOCKS 
AND ENTIRE DRAWING 


: 


Hid 
el 
fh 


erase without disturbing them! 


Available in rolls and sheets up to 


in width by any length with grids 
4x4,5x5,6x6,8x8 and 10x 10 
to the inch. 


“FADE-OUT” PAPER 
TECHNICAL PAPER 
FORMS * CHARTS + GRAPHS 
“PRE-PRINT” PAPER 
THERE IS NO SUBSTITUTE 
Gearprint is Watermarked For Your Protection 
B 
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CLEARPRINT PAPER CO. 
1482 - 67th Street, Emeryville, Calif. 
Send me Clearprint samples, with prices 


e following uses 


Have your representative call at my office t 
applications for my particular needs 


| 
| 
| 
| 
| 
| 
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galt-second! reyonge! 
more work per hour! 


€ ® 
aiVall inune 
INLINE 


e solenoid coil guaranteed against burn-out 
for life of valve 


@ instant-action control e air-cushioned poppet 


@ multi-million cycle dependability e JIC pilot 


Short poppet travel in Valvair’s HI-SPEED 
INLINE provides maximum flow almost 
instantaneously. This shortens machine 
cycle time . . . lessens brake and clutch slip 
. . provides more accurate cuts on high 
speed cut-offs . . . decreases set-up time... 
minimizes drift, for safer operation. 


For increased production . . . lower costs HI-SPEED INLINE with integral 
pilot, 2- or 3-way, NO or NC, 


. greater safety ... specify Valvair HI- % to 1% In. NPT 
78 TO 44 in. . 


SPEED INLINE valves. 


Write for free Bulletin HIN. Address: Bellows-Valvair, 
Akron 9, Ohio, Dept. PE-860 


Bellows -\/alvair 


The Bellows Co. + Valvair Corp. Akron 9, Ohio 
DIVISIONS OF INTERNATIONAL BASIC ECONOMY CORPORATION (iBEC 
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Quick Break Switch 


The starting winding is disconnected 
from the line by this Wagner designed 
switch test proved to make more than 
a million breaks. (That adds up to two 
starts per hour for 50 years!) 


W 


NO STARTING PROBLEMS 


with 


Here are general purpose single-phase motors that have high starting torque and 
high pull-in torque. When used in the proper application and supplied with voltage 
close to their rating, they'll give positive starts every time. Troublefree operation 


AGNER CAPACITOR-START MOTORS 


Pack more power into less space...give long 
troublefree service...are easy to hook up 


is assured thanks to the positive action of the Wagner governor mechanism 
and long life quic k-break switch 


Wagner Type RK Motors pack more power into less space. Small enough to fit 
in tight spots, their ruggedness is built-in ... permits direct mounting. They are 
available in a range from % through 5 horsepower, with sleeve or ball bearings, 
and with rigid bases or resilient mountings. And, sleeve bearing fhp models can 
be operated in any position 


Get these motors from leading distributors in your city, or from Wagner Sales 
Offices in 32 cities across the country. Your Wagner Sales Engineer will be glad 
to help you select the right motor for your application. Wagner Bulletin MU-217 
gives full details on Capacitor-Start Motors 


Quick Connect Terminals 


Brass tabs on terminal studs permit 
quick, easy connection of leads... cut 
wiring time to speed assembly line pro 
duction. Simply press the lead receptacle 
on to the stud—a positive connection 
is assured 


Waaner Electric @rporation 


6406 Piymouth Avenue, St. Louis 33, Missouri 


All-Angle Operation 


The sleeve bearing design, in fractional 
hp ratings, hos ao positive lubrication 
system thot permits operation in ony 
Position can mean important savings 
in motor costs to manufacturers 


RIGID BASE 
6 THRU 5 H.P 


RESILIENT- MOUNT 
6 THRU 5 H.P 


VISIT WAGNER BOOTH 260 
AT THE PRODUCTION ENGINEERING SHOW 
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Cedarapids Super Commander 
Portable Crushing and Screening 
Plant, built by Iowa Manufactur- 
ing Company, Cedar Rapids, 
Iowa, produces up to 500 tons per 
hour of crushed and screened 
material in four different product 
sizes. 


This high capacity V-Belt Drive handles 


60% more power in 30% less space! 


Higher Capacity of Gates Super HC V-Belt Drives 
solves complex product-development problem! 


In developing a larger crusher, requiring more 
horsepower, lowa Manufacturing Company was faced 
with the problem of transmitting 400 hp from a 
higher-speed engine in a space that had been just 
enough for conventional V-belts carrying 250 hp. 

At the higher speeds, centrifugal force made it 
impossible to go to larger sheave diameters to accom- 
modate larger belt sections. A wider span of belts was 
ruled out by Highway Department requirements, 


which restricted overall machine width to eight feet 

Iowa Manufacturing’s designers solved their pri- 
mary problem of transmitting 60°2 more horsepower 
with new Gates Super HC V-Belts 

Because Super HC V-Belts have smaller cross sec- 
tion, use narrower and lighter-weight sheaves, pack 
higher hp capacity in a smaller ‘package’ than con- 
ventional V-belts, designers also succeeded in reducing 
drive weight, width and height —a decided bonus in 
equipment that must be moved frequently both on 
and off the highway. 


Nation-Wide Engineering Service 


Your nearby Gates Representative can show you 
how to reduce drive weight, space and cost with Super 
HC V-Belt Drives. With Super HC, sheave diameters 
can be reduced 30% to 50%, drive space up to 50%, 
and drive weight 20% or even more. 


Ask your Gates Representative for your free copy 
of “The Modern Way to Design Multiple V-Belt Drives,”’ 
or write to The Gates Rubber Company Sales Division, 
Inc., Denver, Colorado 


The Gates Rubber Company, Denver, Colorado 
Gates Rubber of Canada Ltd., Brantford, Ontario 


CF n4\ 


ch 


World's Largest Moker of V-Belts 


Gates Super > V-Belt Drives 2:22:22 
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TRAPPED BY A GRIP THAT WON'T LET GO! 


See how Tinnerman “pinch-grips” hold 
front-mounting attachments; no special equipment needed 


Typical of Tinnerman new approaches to old 
problems are “pinch-grip” Speep CLIPs— 
permitting front-of-panel applications in a 
second’s time. SPEED CLIPs are simply inserted 
into mounting holes and a plier’s pinch gives 
permanent retention. 


Speep CLips can increase production rates, 
eliminate rejects, cut assembly costs as much 
as 50%. Many different features may be incor- 
porated in the Speep Cuip design to fasten 
cables, wire harness, rubber feet, mouldings, 
and for scores of other assemblies. 


You may have a fastening problem that can 
be solved—or a product which can be improved 
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—by this Speep Cu IP principle. Your Tinnerman 
specialist (see the Yellow Pages) can furnish 
samples and help you in many ways. Or write: 


TIN N ERMAN PRODUCTS, inc. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 





TINNERMAN 


Speed: Nets’ 


FASTEST THING IN FASTENINGS® 
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POLITICS AND YOU 


The political conventions are over. Each party has d its candidate 

good, bad or indifferent—and millions of Americans are being subjected 
to the usual pre-election bombardment of words lo all the traditional 
political tools has been added a new one, television, and woe to the candi 
date who doesn’t look and act well before the cameras. America has become 
image-conscious, and the election may hin yn it 
p to Khrushchev, a man wh 
has convictions, yet a man who takes the popular fancy. We talk of fr 
choice, yet millions of us will vote straight tickets for one of the two major 
parties, probably because our fathers did so before us. Even the free 
thinkers will be swayed by the competence of candidates actors, not as 
men of principle. 

In a situation like this, you as an engineer have a key part lay. Here 
if anywhere, your vaunted ability at analysis, at getting e facts behind 


We want a man strong enough to stand u 


the smoke screen, can do a national service. What, really, are the principles 
and program of each party? How many of their platform planks do its 
leaders plan to carry out? How many can they? How many are just 
campaign oratory? Which ones do you feel are really for the good of the 
nation? In which ones do you believe? Against which are you unalterably 
opposed? 

And what of the candidates—not only for the prime post, but for all 
the others? How many were pure political hacks, how many are put on the 
ticket for something else than their qualifications for office? How many are 
parrots or mouthpieces? Which ones are competent; which ones are not? 

hese are questions you must ask yourself—and vote accordingly. Your 
choice, at least, should be made on the basis of what your own analysis 


his strengths and weaknesses 


proves best for us all, weighing each man and 
against those of his party. 

Some years ago, the employees of one midwestern plant had 
committee, chosen from among their number, to interview and 
candidates for local office. They made recommendations to their fellow 
workers, giving their reasons. Any man could of course vote as he chose, 
but the plant often strongly influenced local elections. Even the executives 
were guided by the committee, because they believed in its discernment 
ind its honesty. 

Such a system can be called communistic, I suppose, but it did noticeably 
improve the quality of aldermanic and civic candidates. And these in turn 
affected that city’s state and national attitudes. 

This is the essential point—politics is not a national thing, but a com 
pound of local ones. If the best men are put in office at the grassroots 
level, they cannot help but influence the structure all the way up. This 
can correct the pork-barreling, the deals, and the eternal bleeding of the 
individual taxpayer. It can assure us of a powerful government that is 
truly representative, one that can stand up to anybody as the spokesmen 
for us all. 


lan gienan 


August 15, 1960 





Who makes and meets 


your Wire Cloth Specs? 
CAMBRIDGE does... 


To assure you of wire cloth fabrications that 
give long and satisfactory performance, we 
have experienced engineers who can draw up 
prints for your approval if necessary, and 
trained production men who can quickly and 
accurately fabricate parts to your most rigid 
specifications. 


To fill your most diversified bulk wire cloth 
needs, we have thousands of items in stock—in 
all meshes, wire sizes, metals or alloys—ready 
for prompt delivery. 


Modern machinery, careful workmanship and 
constant inspection assure you of exact mesh 
count and mesh size. And, our field engineers 
follow up your order to see that our product is 
giving the best possible service. 


+e se were xe Raby SSRN 


We make wire cloth from any metal or alloy— 
including titanium—in nine basic weaves—from 
finest to coarsest mesh. Call your Cambridge 
Field Engineer for information. He’s listed in 
the yellow pages under ““Wire Cloth’’. Or, write 
for FREE 94-PAGE CATALOG. 


The Cambridge 
Wire Cloth Co. 


Department P e Cambridge 8, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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SPEED CONTROL FOR DC MOTORS 


This package invented by the author has these key 
elements: silicon controlled rectifiers and the magnetic 
amplifier that triggers them in response to 


a speed-sensing circuit. The motor maintains set speed regardless of load. 


Compact control for dc motors up to 15 hp occupies 
slightly more than % cu ft, weighs approximately 20 Ib 
including enclosure. Volume is about 4 (or less) that of 
typical thyratron drive. 
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BARUCH BERMAN, chief engineer 
ACE Electronics Div, ACF Industries Inc 


Mi oto: speed controls can now be made significantly 
smaller, thanks to new “controlled” rectifiers now widely 
available. These silicon semiconductors handle kilowatts 
of power, yet can be rapidly switched from nonconducting 
to conducting state with just a small signal. In the new 
speed control described here, the signal comes from a 
magnetic-amplifier ‘trigger.’ Electric power can be con 
ventional single- or three-phase ac 

In operation, the controlled rectifier resembles the 
better-known thyratron electron tube, which conducts cur 
rent from plate to cathode when an electrical | 
applied to the grid. Thyratrons have been common fot 
years in motor controls; controlled rectifiers can handle 


potential is 


most of the same jobs, yet are much smaller and give bette: 
performance. For example: voltage drop in the silicon 
rectifier is only about 1.5 v, compared with approximately 
15 v for the thyratron. Also, semiconductor type is faster 
needs no warmup because it has no filament 


Elements of the New Control 


I'he simple schematic on this page shows elements of 
| pag 


the new control: ac source, trigger, silicon controlled 
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5 10 

Armature current, amps 
Speed stays constant despite load increase in this typical 
motor control using magamp-triggered controlled rectifiers 
(Full torque occurs at 15 amp.) Data is taken directly from 
a productior test of 3-hp unit with fixed IR compensation. 


SIMPLIFIED SCHEMATIC OF NEW DC-MOTOR CONTROL 


Ac 
source 


Trigger 
( 


Ordinary 


ampli rectifiers 


IR~ 
compensotion 
circuit 


Speed 
sensing 
circuit 


rectifier, dc motor, and speed-sensing circuits (speed i 
proportional to motor potential if corrected for IR losses). 
Here’s how each works 


Ac source can be any standard 60 cps supply, single- o1 
three-phase, with potentials of 120, 208, 220, 230 or 240 v 
Higher potentials are possible if stepdown transformer 
are used. The ac is converted to dc for the motor in 
rectifier bridges (see schematic below 

The trigger—a small, off-the-shelf unit designed spec 
fically for silicon controlled rectifiers—is basically a mag 
netic amplifier. Its output goes to the control termin 
of each rectifier. This output occurs for some portion of 
each half-cycle of the alternating current, depending 
the magnetic saturation of the amplifier’s iron core. Th 
point in the half-cycle at which the amplifier saturat 
ind “fires,” thus triggering the controlled rectifier, depend 
on magnitude of the small signal currents applied t 
juxiliary windings around the core. These signal current 
in milliwatts of power) originate in the speed-sensing an 
1R-compensation circuits described on next page. 

Controlled rectifier is a 
with a special |” 


solid-state silicon semiconduct 
It does not conduct 
When 
rectifier starts conducting, an 
ifter the signal has been rx 
moved. It does not shut off until the main current source 
is removed or its polarity 


| 
polarity each 


“control” terminal 
current until triggered bi 


this signal is applied, the 


1 small control signal. 


continues to conduct even 


reversed. In 
half-cycle source is a 

Power to motor depends on point in each half-cycle where 
rectifier is triggered to 


motor control 


reverses because 


onduct. In other words, the con 


Controlled 
/ rectifiers 
f 


é 


Field 


Armature 


De motor 
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trolled rectifier is an electric switch or “gate”. When sig- 
naled, it closes circuit from ac source to motor windings. 

Power output from rectifiers drives motor directly; no 
further amplification is required. Rectifiers are available in 
ratings from 1 to 100 amp, up to 500 v peak inverse voltage. 
Parallel or series stacking allows much higher total ratings. 

Full-wave rectification (two conventional and two con- 
trolled rectifiers) smooths the waveform, giving cur- 
rents that more closely resemble dc. Half-wave rectifi- 
cation, although practical, does not reduce current peaks 
as much, and gives less protection from commutator 
arcing and subsequent pitting. 

De motor is standard variable-speed type. This version is 
shunt-wound, has a fixed field and is armature controlled. 
Field-controlled de motors will also work, but require some- 
what different circuitry. Theoretically, any size motor can 
be run with controlled rectifiers, but largest practical pack- 
age at this time is 15 hp. Additional features such as 
dynamic braking, reversing and jogging can be incorporated; 
and ac motors can be controlled if circuitry is modified. 

Speed-sensing device is basically a voltage-sensitive cir- 
cuit responsive to motor back-emf. An “IR compensation” 
circuit is added to correct for potential loss in windings, 
caused by the local current. (Current x resistance = poten- 
tial drop.) The IR loss depends mainly on this current, and 
is relatively independent of speed. The correct potential 
—indicating true speed—is automatically compared with 
a reference value (previously set by turning the speed-con- 
trol knob). The deviation (difference between called-for 
and actual potential) becomes the input signal to the mag- 
netic trigger. An alternate way of sensing speed is with a 
conventional tachometer, but cost is higher and it takes 
up more space. 


In Operation 


Now here is how the speed-sensing circuit works: 

If the motor speeds up, the deviation signal changes 
accordingly and delays action of magnetic amplifier in 
trigger. With output of trigger into controlled rectifier 
now coming later in each half-cycle, total power to the 
motor windings is lessened and motor slows down. Con- 
versely, if speed of motor drops too low, deviation signal 
makes magnetic amplifier fire sooner, triggering controlled 
rectifier sooner—thus increasing power and speed of motor. 

Speed regulation is precise. With a fixed setting of the 
IR compensator, speed will drop less than 1% as power 
increases from no-load to rated hp. Better accuracy—less 
than 0.5% drop in speed—is possible if the IR compen- 
sator is readjusted at each controlled speed. 

Response to change of load is instantaneous—a motor 
running at full-speed no-load condition can pick up full 
load with an almost imperceptible drop in speed. Transient 
“droop” can be built in, giving as much momentary drop 
in speed as desired, depending on the application. This 
“softens” motor response, allowing it to pick up load more 
gradually. 

A special feature of this control package is its torque- 
limiting adjustment (not shown) that automatically limits 
motor current. (For a given motor, torque is directly 
proportional to the current.) Transistors in the circuit 
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sense this current, and limit motor torque to desired maxi 
mum by continuously adjusting magnetic trigger’s input 
Ability to limit torque is an advantage when load has high 
inertia and must be accelerated quickly—maximum safe 
torque output of motor can thus be maintained through 
entire starting cycle. Conventional fast-acting fuses and 
thermal overload relays are also incorporated. 


The Basic Circuit 


Schematic on facing page shows basic circuitry. Here is 
how the control works, step-by-step: 

As current flows from ac source to motor, it passes 
through the full-wave rectifier network. Assume that a 
positive potential appears at point A, and a negative poten- 
tial at point B during first half-cycle. Current flow will 
be through controlled rectifier (to right of A), motor 
armature, and conventional rectifier (to left of B). During 
next half-cycle, polarities at points A and B reverse, and 
flow will be through controlled rectifier (at right of B), 
motor armature, and conventional rectifier (to left of A). 

Action of each controlled rectifier is as follows: It does 
not begin to conduct until control terminal receives a 
sufficient current signal. The total amount of power con- 
ducted depends on how soon in each half-cycle the trigger 
sends this signal to the control terminal. If it occurs early, 
the motor will receive current during most of the half 
cycle. If it occurs late, the motor will receive no current 
until the half-cycle is almost complete, and transmitted 
power will be much less, tending to slow down motor 

Speed-sensing circuit continually adjusts the firing time 
of the trigger to hold desired speed, despite load changes 
on the motor. 

Motor field is driven directly from a single terminal of 
the ac source. Resulting potential across the motor field 
is half-wave (conventional rectifiers block reverse poten 
tial) but natural inductance of motor windings and mag- 
netic characteristics of core prevent rapid buildup of cur 
rent, smoothing it out to give constant field flux 


Other Applications 


The same basic circuitry is applicable to anv power 
amplification task. Floodlights, for example, can be effi 
ciently controlled from dim to bright with silicon-con 
trolled rectifiers driven by magnetic triggers. Heaters and 
solenoids can be similarly controlled 


EDITOR’S NOTE: These previous articles show other in 
teresting and practical ways to vary motor speed with 
static (nonmoving) control elements: 

New De Motors, Mar 31 '58, p 108—Describes design of 
thyratron-controlled watercooled de motor controlled 
through both field and armature to give wide speed range 

New Variable-speed Motor Drive, Mar 28 ’60, p 80 
Evaluates new reactor-capacitor drive for dc motors, and 
compares it with variable autotransformer, simple rheostat, 
and thyratron drives. 

Frequency-controlled Ac Motor, Aug 8 60, p 42—Evalu- 
ates General Electric Co’s experimental] frequency inverter 
(using tunnel diodes and silicon-controlled rectifiers) that 
some day may be commonplace control for squirrelcage in- 
duction motors. 

Spherical-type Variable-speed Motor, July 7 °58, p 68 
Analyzes British-made skewable-stator induction motor that 
varies in speed when stator angle is changed 


43 





a new question in an old controversy: 


WHICH METRIC SYSTEM? 


CARL F KAYAN, professor 


Mechanical engineering dept, Columbia University 


Three varieties are now in use. So rather than 
rushing to select one for adoption in this coun- 
try, the author recommends several small but 
important changes in our unwieldy FPS system. 


WME any voices have been raised advising the US and th« 
United Kingdom to adopt the metric system. A common 
reason given for the change is that the metric system 
But this is not strictly correct 
‘here is little agreement within the metric work; not 


is so widely accepted 


is there such a thing as a single “metric system.” 

For example, some countries measure force in kilograms 
while others use dynes or newtons. And Germany even 
has one of its own—the kilopond. Thus it is my attitude 
which I recently expressed at an international conferenc« 
of refrigeration engineers, and the attitude of many engi 
neers and scientists in this country, that until the metric 
empire mends its own fences, there is little reason for us 
to scrap our present units But whether we serioush 
consider the metric system or not, there is still good reason 
to make some improvements in our familiar FPS (foot 


pound-second) system 


Kilogram-force or kilogram-mass 


What is the substance of the controversy in the metric 
uuntries? First there is the old, but unresolved, question 
yf a gravitational vs an absolute system. As we recall from 


early courses in physics, the difference between the two 


systems is the difference between the choice of force or 
mass as a fundamental unit. In the gravitational system 
the more common in this country) force, length and time 
are the fundamental units. In the absolute system, the 
fundamental units are mass, length and tim 

Engineers in the United States generally measure ever 
thing in pounds; forces are in pounds, weights are (iegiti 
mately) in pounds, and masses, if they are dealt with at all, 
are quite often in pounds too. This, despite the fact that we 
have a proper unit for mass—the slug. We avoid using the 
slug by dividing weight by acceleration of gravity when we 
want mass. Thus we may think in terms of the equation 
f ma, but when we use it, we change it to f Wa/g 
Similarly, our equation for the speed of sound in a homo 
geneous medium is a y g pv) ® where g is acceleration 


of gravity and v is cific volume. Had v been dehned 


as specific volume in mass units (ft*/slug), the would 


e 
have been unnecessary 

The burden we carry in our gravitational system—sp« 
cifically the nuisance of remembering the location of many 
g’s in equations—is not a fundamental limitation of the 
gravitational system. Rather, it is a difficulty we have im 
posed in attempting to concept of mass. A pure 
gravitational system does have inherent difficulties, how 
ever. Though force fundamental unit, there is no 
direct wav of defining a standard force. The best we can 
do is define the force weight of a standard mass under 
defined conditions of gravit 

This difficulty does not occur in the absolute system 
Because mass is a fundamental unit, a standard mass can 
be defined. It will have constant value even under con 
ditions of zero gravity. But engineers have traditionally 


preferred a force-centered system of units. Pressure, stress 


THE CONTROVERSY—-WHICH OF THESE COMMON SYSTEMS? 





English Systems 


FPS (Gravitational) FPS (Absolute) 


LENGTH ft ft 
FORCE Ib poundal 
MASS Ib 
TIME sec 
TEMPERATURE 


ENERGY 
Mech. ft-poundal 
Heat btu 


POWER 
Mech. hp hp 
Elec. watt watt 


ELECTRIC CURRENT amp amp 
PRESSURE Ib /ft? 


deg F&R 


poundal /ft? 





Metric Systems 


CGS (Absolute) Technical MKSA (Absolute) * 


cm meter meter 
dyne kg-force newton 
gram kg-mass kg 

sec sec 


deg C & K deg C& K 


erg kg-m 
cal cal 


watt metric hp 
watt watt 


amp amp 


dynes /cm? kg/m? bar 








* The accepted standard in RUSSIA, CHINA, JAPAN, INDIA, SWEDEN, NORWAY AND SWITZERLAND. 
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1\ instituting some replacement | 


energy are all dependent on torce, not ma ind the 


tational system simplifies calculation by permitting thes process—evolutionary, rather than r 

quantities to be expressed in simple units. Work in the Decimalization is a reasonable first step, and one that 

absolute system, for example, is expressed as ML?/' will prepare us for any future moves no matter which way 

whereas it is simply F'L in the gravitational system we turn. There is little reason, for example, to continue 
Ihe absolute system is the language of scientists th to express weight in mixed units—poun UN CE ind 

world over—whether in this country or abroad. To them. fractional ounces. Decimal parts of the pound 


] +} 


the absolute system is the only reasonable one. Mass. ther to work with arithmetically; also C1 


argue, is a fundamental property of matter; if a body 1 convenient size (0.01 tb is only slightly 
exists, it has mass as evidenced by its attraction to othe Fractional parts of any unit, for that matter, a1 lums' 
bodies, and by its inertia \ standard mass can be com to manipulate and could easily be replaced by decima 
pared to any other mass with an ordinary balance—regard fractions without any loss of definition. Stock market quo 
less of gravitational for tations could just as easily be expressed in 
Th : is already some progress in the direction of 
© competing systems fractional parts of the inch: it is becoming standat 
With these considerations in l, here is a quick look tice in many companies to specify dimensions 
it the three common metric svsten ings in decimal inches 
lechnical system is the metric equivalent of our foot Another step toward moder 
pound-second system. For i fundamental unit, is mea tem would be to replace the ho 
ured in kilograms; mass is also measured in kilograms (o1 iccepted unit for energy 
in some instances, metric slugs Ihe system is common ince lost its significance 
mong European engineers and has the same advantages a there is little agreement 
our gravitational system level we say 550 ft-lb 


Centimeter-Gram-Second (CGS) system is an absolut se The watt, on the 


system with the gram as the fundamental unit of ma tandard value the world o 


Che unit of force is the dyne. Thermal energy is expressed of the metric system (1 ne 

in cilories and mechanical energy in ergs (dyne-cm works no hardship on engineet 

Objections to the CGS system are that the derived unit ince there is an odd conversi 

of force and energy are inconveniently small and that n either case (550 ft-Ib/sec 

fundamental units for measuring electrical and mechanical l kw The kilowatt 

energy rate are not the same mobile is roughly a 15( 
Meter-Kilogram-Second-Ampere (MKSA) system, al for all measurements of powe1 

in absolute system, is the most recent ittempt to over understanding If we climinat 

come both disadvantages of the CGS system Force i power, perhaps our < 

measured in newtons; energy, whether in mechanical or Adoption of the kil 

thermal form, is measured in joules (newton-meters | other clumsy Engl 

Energy rate is in watt ul whether electrical o1 12,000 btu/hour, could 

mechanical. while the unit of pressure is the bar. The sys of refrigeration effect’ with thi 

tem has been adopted by seven nations (see chart at left btu/kw-hour. And ultimate! 

for list) because it is ruly integrated absolute system could be expanded to includ 


In Sweden and Switzerland, steam tables have recently tions in heat-transfer operations 


been published showing heat and pressure in the joules and with far-reaching effect 
bars, respectively, of the MKSA system These minor steps could be 
Until the metric world decides on a uniform system our present system and would mi 
it will only invite further confusion for the US to make the foreign despair over the mixed 
1 sudden shift to any one of these systems. Meantime tions” of our English system. Eventual 
there are a number of small but important steps we can have to promote a more drasti hange. With 
take to modernize our foot-pound-second system. Grad vance of space flight and the design of equipment for an 
ual change is the only practical way to improve such a environment at some remove from the surface of the earth 


thoroughly entrenched system as our English methods our engineers will either adopt a system in which mass is a 


of measurement. A drastic changeover is impossible—the fundamental concept, or will employ the cumbersom: 
groups concerned would never be able to agree, slug of the FPS system. If we continue to use equations 
with terms that include the acceleration of gravity, ther 


} 


Streamlined English units quer 


will always be the problem of whic 
At last year’s meeting of the American Association for to insert 

the Advancement of Science (Engineering Section), engi But there will never be any progress 

neers, scientists, and educators discussed some of the small for a revolutionary changeover to the metric system 

steps that could be taken to solve the confusion in out 1 completely new system cannot be introduced overnight 

system of weights and measures. The general theme of A system as firmly planted as our system of units can only 

the meeting was one which I call Operation SCUDS be changed by easy stages. Clearly, the first of these i 

Simplification, Clarification, Unification, Decimalization, decimalization; it will simplify present calculatic 

Standardization). Hopefully, the result of this group’s the way for the ultimate adoption of some 


efforts will be eliminating some of our outmoded units and when the time is mp 
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next step for the metric system? 


20-HOUR DAYS, 200° CIRCLES 


JOHN H McKAY, chairman, Screw Thread Committee, Canadian Standards Association 


AA lthough they are universally accepted, hours and degrees 
are extremely difficult units to work with in their present 
form. Scientists have always regretted that the decimal 
concept was not extended to the measurement of time and 
angles when the metric system was devised. In an attempt 
to overcome this limitation, I have developed the follow- 
ing system, based on a 20-hour day and a 200° circle 

\ world-wide change to such a system would be ex- 
tremely costly, but it might be justified on the premise 
that mankind is now only at the dawn of its development. 
Recorded history goes back only about five thousand years 
and astronomers say that we can probably count on the 
earth’s remaining habitable for over a billion years more. 

For the angular decimal unit, I have chosen the “decimal 
degree” —1/100 of the straight angle we now call 180°. 
I'hus, a circle would have 200°; the sum of the angles in a 
triangle would be 100°; a right angle would measure 50°; 
and the sum of the internal angles of a quadrilateral would 
be 200°. 

From the 200° circle it is an easy step to setting up a 
new fundamental decimal unit for time. It would be the 
decimal hour,” the time required for the earth to rotate 
through 10 decimal degrees. This would give us 20 hours 
in the day—10 hours of daylight and 10 hours of night 
at equinox. 

Calendar reform would be taken care of in a simpler 
and more complete way than has been proposed before. 
I'he week would have five days (100 decimal hours) and 
there would be 10 weeks in a month (1000 decimal hours). 
This would give seven regular months in the year and 
one short month consisting of three weeks or 300 decimal 
hours. Summing up, the year would consist of 73 identical 
weeks of 5 days each, with the same date in each month 
falling on the same day of the week 
lst of the month would be a Monday. 
month are shown in the calendars below 


for example, every 
\ short and a long 





300 hrs 

3 weeks 

= 50 days 5 days 
seven of these There is one short month 
nths per year at the end of each year 


Now what will be some effects of such a change? Well, 
it is now customary to work 10 days out of 14; with the 
decimal system there would be 9 working days in 15. Con- 
sidering the trend toward shorter and fewer working days, 
such a system might be practical. It would give 219 work- 
ing days per year, compared with 260 in the present calen- 
dar. The four-day work-week, proposed by some would give 
208 working days per year. 

Daylight hours are numbered from 0 to 10 beginning at 
dawn and ending at sunset; night time hours are numbered 
similarly. Thus, midday and midnight would each come at 
its own 5-hours mark. If it were desired to work on 20 
hour time, it would probably be most convenient to num- 
ber from 0 to 20, beginning at dawn. 

Watches and clocks would, of course, have to be changed 
from a 12-hour basis to a 10-hour basis but this would be 
no serious problem. Shown below are two decimal-time 
watches and the correct reading for each 


Decimal Time- |.824 Hrs. Decimal Time — 7.582 Hrs 

The “minute” hand circles the dial ten times an hour. 
The “second” hand, in turn, makes ten revolutoins for 
each revolution of the “minute” hand. (Actually in this 
system there are no minutes or seconds as such.) 

To find the correct decimal time, read off the number 
behind each hand. The smallest subdivisions are used only 
with the “second” hand to determine the last decimal 
place. 

The close relationship between the turning of the watch 
and the turning of the earth should be noted: The time 
in hours multiplied by 10 is the number of degrees the 
earth has rotated since dawn or sunset. Such relationships 
would simplify calculations for astronavigation and launch- 
ing of satellites. 


_. ABOUT THE AUTHOR 
Mr McKay, who has represented Canada at five conferences 
of the International Standards Organization, was simply hov- 
ing some mathemctical exercise when he first started think. 
Ing about new units to measure angles and time. But as he 
er sy nonin, coe eee 


he ge 
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Suspension System 
Cushions Stretcher 


Leaf springs and friction dampers protect 
litter patients from bumps and jars. 





Leaf spring and solid link connect 
stretcher tubes and carrying handles so 
that the handles stay parallel to the tubes 
at all times. Each solid link rides between 
spring-loaded plastic blocks in the tube and 
handle. This provides the needed shock- 
absorbing characteristics for a 
smooth, soft ride. 


PS Spring stretcher was tested in a truck-type ambulance 
and vertical acceleration recorded. Up-and-down acceleration of 
loaded suspended stretcher was 0.35 to 0.45 g on cobblestone 
street ot 6.25 mph. Equivalent values for ordinary stretcher were 
0.48 to 0.53 g. Stretcher is produced by Carrosserie Carrier, 
Puteaux, Seine, France 





Hinged Tracks Steady Tractor 


Hinged roller frame and equalizer bar permit tracks 
to rise and fall independently. The flexible 
suspension reduces strain on frame and other 
components. 


| PS . . . Crawler tractor incorporates fingertip contro! for 


shifting and steering. Three levers on a center pedestal, 


TRACK ROLLER FRAME is one-piece casting hinged to the 
main frame at the rear. Front end of tractor is supported by 
the equalizer bar center-pivoted at the front. When traversing 
rough terrain, each track rises or drops, reducing twisting 
moments in the main frame and improving stability. 


plus a foot throttle, control all movements of the tractor 
The 103 tractor series includes the bulldozer, front-end 
loader, and log-loader models—produced by—The Eimco 
Corp, Salt Lake City. 
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PRODUCT DESIGNS 











Wire 
straightener 


Wire-former Tilts to Ease Delivery 


Its ability to run at any angle from horizontal to vertical 
simplifies tooling as well as handling of parts. Form bracket and 
press attachments enable this four-slide machine to handle more jobs. 








BECAUSE IT’S INCLINABLE, four 
slide machine operates at any angle 
between 0 and 90°; this simplifies tool- 
ing and parts-handling. In horizontal or 
inclined positions, finished pieces drop 
through the machine by gravity. If 
pieces are too large to fit through the 
opening in the bed, machine is run in 
the vertical position and parts are 
ejected from front of the machine. Nar- 
row pedestal legs permit incorporating 
automatic receiving equipment as in- 
tegral part of the operation. Symmetri- 
cal press can be mounted on either 
side of the wire or ribbon, allowing 
burr ends on finished parts to be kept 
where least objectionable. Lube pump, 
belt-driven by the back shaft, auto- 
matically lubricates entire machine. 


PS . . . Forming machine is used in high-speed production of per minute. With high-speed cams and short feed lengths, pro- 
stamped and formed parts from ribbon metal or wire stock. duction rates of 400 parts per minute can be reached. Inclinable 
Machine handles feed lengths up to 812 in., mild steel wire up to ribbon and wire Forming Machine, Model RWI-1, is produced by 
3/32 in. dia, ribbon metal stock up to 12 in. wide. Variable- The Baird Machine Co, Stratford, Conn. 

speed motor drive provides operating speed of 75 to 300 parts 
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FOUR SLIDES in bed of wire-former 
provide the required basic motions. 
Slides and all other attachments are 
driven by the four shafts mounted at 
the edges of the bed. Split cams bolted 
to shaft-mounted drive flanges provide 
the desired motion in the selected se 
quence. T-slots and mounting pads al- 
low a wide range of mounting loca- 
tions for form brackets, presses and 
cutoff attachments 

Form-bracket (A) provides two ver- 
tical forming motions, and can be 
mounted either in the rear or at side 
of the machine. Form holders can be 
placed anywhere along face of the form 
bracket for maximum tooling flexibil- 
ity. Cutoff attachment (B) is driven 
by the front shaft and can be posi 
tioned at any point along the T-slot 

Symmetrical press (C) can be 
mounted on either side of the metal 
line and driven by the front or back 
shaft, or two presses can be mounted 
at one time. Cam-driven lever press 
has a 4-ton capacity with a%-in. stroke. 
Underside form holder (D) mounts be- 
neath the bed and permits ejection of 
oversize parts from the front when 
machine is in vertical position 
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Drill Vibrates As It Rotates 


Two-way action produces High-frequency 
ultrafine holes in ultrahard | piney ere 
materials. Machine runs for 
full 8-hour shift without at- 


tention. 


Vibration adjustment 


PS . . . Fully automatic drill requires 
attention once per shift to replace worn 


WORKPIECES ARE HELD in replaceable loader from which the feed lever lifts 


drills, reload feed mechanism, remove 


finished parts and refill abrasive cup 
Machine drills holes 0.002 in. and 
larger in wire-drawing dies, diesel in 
jectors, diamonds, rubies, synthetic 
stones and ceramics, etc. Produced by 
Mecanique et Plastique S. A. Geneva, 
Switzerland. 


them by suction. The feed lever pivots sideways to place the part in an auto 
matic chuck. Abrasive compound is deposited on the workpiece by the feed lever 
at the beginning of its stroke. As lever returns to the loader, spindle descends 
to the workpiece. A wire drill in the spindle drills the part by high-frequency 
rotation combined with axial vibration of controlled intensity. When hole is 
completed, the spindle rises, chuck opens, and the removing lever sucks the part 
from the chuck, depositing it in a container. Repetitive cycle automatically 
produces 240 to 360 drilled holes per 8-hour shift. 





your index is ready 


A 20-page printed index of all 
editorial content in the issues of 
the first six months of 1960 is 
now ready. Copies may be ob- 
tained by writing “Index Vol 31- 
1” in the space marked Special 
Data on the Reader Service Card 
bound in this issue. 


TH1s INDEX INCLUDES 
© a subject-classified breakdown of all editorial content 
@ an alphabetical index of authors 


© an index of company names mentioned in connection with important 
news or developments. 


The index is issued twice each year, in January and July, and single copies 
will be sent free on request as long as the supply lasts. A limited supply of 
the index for 1959 (Vol 30) is still available. 
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how to avoid... 


ABRASIVE CONTAMINATION 
OF PRECISION 
MECHANICAL DEVICES 


Is this bearing ball clean? 


YES—under ordinary light. Only surface dimples left from 
finishing operations are. apparent. 


Dr L McD SCHETKY, technical director 
The Alloyd Corporation, Cambridge, Mass 


Surfaces that slide, rotate, or oscillate against each other 
in precision electromechanical or hydraulic devices are never 
adequately clean. This has been shown by recent optical 
investigations of ground, lapped, or honed metal surfaces in 
such mechanisms as gyro bearings, hydraulic actuators, con- 
trol valves, and fuel metering valves. Precision machining 
methods always leave minute abrasive particles that cannot 
be removed by conventional cleaning methods, nor can 
they be seen in ordinary light—even at magnifications of 
200X and over. 

But put the surface under polarized light in a dark field, 
and the tiny troublemakers appear as bright “stars” (shown 
above in the pictures of a ball taken from a new, “clean” 
instrument bearing). Particles like these, measuring from 
1 to 5 microns dia, can be the start of lubricant break- 
down. This article explains the probable nature of the fail- 
ure mechanism and proposes some unorthodox cleaning 
procedures to minimize its effect on component life, relia- 
bility, and performance 
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NO—under polarized light. Shiny particles are traces of 
cutting abrasive. Magnification: 200X. 


TWO TYPES OF FAILURE 

The first evidence of trouble in precision mechanisms 
is usually an increase in the friction level, followed by fail 
ure—slowed response, chatter, and finally seizing. Visual 
examination of the mating surfaces is the common diagnos 
tic method, using a stereo microscope at 20X to 40X with 
a standard light source. This will reveal the first type of 
trouble—metal failure—caused by particles of metal, dust, 
lint, steel wool and other materials that have contaminated 
the device sometime during manufacture, inspection, or 
assembly. Fig 1 (next page) shows the kind of evidence 
such examination can reveal. Under these conditions, 
mechanism behavior is usually quite erratic from the outset 

Second type of breakdown is lubricant failure, almost 
always characterized by formation of a very heavy residue 
or varnish which causes the increase in running friction 
Clearly visible in ordinary light, this resin-like substance 
is believed to be polymerized lubricant, since it cannot be 
dissolved in ordinary solvents. 


continued, next page 
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1: SOURCES OF METAL FAILURE: bearing race (above) 
shows sequence of dents, identical in size and shape, prob- 
ably caused by a skidding metal chip. Bearing retainer 
(right) is imbedded with a fine thread of steel wool used 


Ihe question immediately arises: What causes _ the 
lubricant to polymerize and turn gummy? The discovery 
of minute abrasive particles in the residue through the 
use of polarized-light microscopy gave the first significant 
clue. Fig 2 shows two views—one under ordinary light, the 
other under polarized light—of a bearing surface with 
polymerized lubricant. The particles that glow are grinding 
or lapping compounds (emery, alumina, or diamond dust) 
remaining from bearing manufacture 

I'he lubricant-failure mechanism suggested by the pres 
ence of these particles is this: Abrasion that takes place 
when two superfinished surfaces move relative to each other 
leaves naked, oxide-free areas. Such clean surfaces can act 
is catalytic agents for organic reactions, as research on 
sliding electrical contacts has shown. This, along with high 
local temperatures, is believed to cause breakdown. 

[he polymer that forms first is soluble in the lubricant 
\s polymer forms, the lubricant becomes more viscous, and 
the friction force starts to rise. This process continues until 
lubricant supply is cut off—either by clogging the supply 
ports, or by complete polymerization of available oil 
Failure of the mechanism is then imminent. 

lime for complete breakdown can be approximately 
calculated, based on the effective number of particles 
present, their size, sliding velocity and characteristics of 
the polymer formed. In the case of gyro spin axis bearings, 
this time works out to about 80 hours, a typical life for 
bearings that fail prematurely (see “Sample Problem’’). Al 
though such time-to-failure calculations agree with ob 


served performance, it has not yet been firmly established 


whether the freshly exposed metal surfaces or the particles 
themselves are the agents of polymerization. It is known, 
however, that lubricant deterioration occurs only when 
such particles are present. 


DETECTING CONTAMINATION 


I'he most effective instrument for inspecting a suspect 
surface is a petrographic microscope, or a metallograph 
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for polishing. If left in the bearing, such materials could 
easily cause the erratic frictional behavior experienced in 
metal failures. Defects like these are usually detectable by 
established inspection methods. Magnification here: 200X. 


fitted with an adjustable polarizer. The field of view is 
darkened, after focusing, by use of the polarizer prism—as 
in photoelastic stress analysis. Surface particles then show 
up as bright white or colored points of light, each “star” 
indicating contamination. It is true that ordinary dust and 
lint will glow to a certain degree under polarized light 
But abrasive residues from finishing show a distinct dif 
ference: They are transparent or translucent and have two 
distinct indexes of refraction. Thus the particles glow more 
brightly because the light beam becomes unpolarized in 
passing through them. Secondly, when the particle is 
rotated, the intensity of reflected light diminishes to zero 
every 90° as the two perpendicular planes of possible light 
transmission pass through the plane of polarization 


CLEANING THE SURFACE 


Residual abrasive is usually present in two states: small 
particle; are mechanically imbedded in the surface, and 
large particles are simply held there by electrostatic attrac- 
tion. Neither type is removable by conventional cleaning 
techniques, including ordinary ultrasonic cleaning. Wiping 
can move the larger particles along the surface, but will 
not clean them off. Surface hardness has no significant in 
fluence on the amount of contamination: hardened steels, 
nickel- and copper-alloys, and light alloys seem to be 
equally susceptible. The finishing process controls the 
particle size and also determines which method of attach- 
ment predominates, although it is not yet known which 
types of abrasive contaminate most. 

Present methods of grinding, lapping, and honing can 
not be sufficiently altered to reduce contamination itself 
significantly. Unorthodox cleaning techniques can mini 
mize the problem, once contamination has been detected 
So far, only two cleaning systems have proven effective: 
(1) nital and solvent cleaning, and (2) ultrasonic cleaning 
with graded solvents. Each process is detailed in the ac 
companying table. Nital cleaning is the more effective 
where extreme cleanliness is required. However, in cases 
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TWO STEP-BY-STEP CLEANING METHODS 


WITH NITAL AND SOLVENT: 


1, Clean finished in 
<a a ini eam xylene; dry 
2. Scrub parts with a solution of 1% nitric acid in 
methanol, Optical-lens paper makes a suitable scrub rag. 
_ 3, Rinse in methanol. Neutralize any residual acid by 
ing in sodium bicarbonate solution. 
; Step 1. 
5. Dip im half.and-half methanol-acetone bath to re- 


WITH ULTRASONICS AND GRADE SOLVENTS. 


1, Clean ultrasonically for 5 min. in xylene; dry with 
filtered compressed air. 

. Repeat Step 1, using Freon 113 as solvent. 

. Repeat Step 1, using methanol as solvent. 

. Repeat Step 1. 

. Repeat Step 3. 

. Dip in half-and-half methanol-acetone bath to re- 


move residual moisture. 
Protect clean parts with VPI paper, a moisture-barricr 


7. Protect by VPI paper, “aquasorb,” or service lubri- 


6. 
— or the actual service lubricant. cant. 


where the slight etching produced by nital is uns 


the second process is effective. Fig 3 (next pag 

the results of nital cleaning. Both processes requir 
careful filtering methods, including the use of m 
filters which are not suspect as a contaminant 
Lubricants or wrappings used after cleaning must 


clean to avoid recontamination 


FUTURE WORK 


Despite development of effective 
investigation 1s continuing for answers 


questions. Among these are 


@ What kinds of cutting abrasive 
tamination problem? 

e What finishing process 
leaves the least residue? 

@ Which mode of motion 
the least damage when particles are present? 
@ Can the “naked metal” theory 


proved correct? 


lubricant 


@ What effect does the nital etch process have on subse- 


quent performance of the cleaned surfaces? 


e Are there better techniques for production quality- 


trol and cleaning? 
SAMPLE PROBLEM 


Calculate the approximate life of a gyro bearing | 


}-in. race and a rotational speed of 12,000 rpm, assu 


yntinued 


2: SOURCES OF LUBRICANT FAILURE: 
lubricant on inner race of a failed bearing shows up (top) 
under ordinary light. Formation of this “frictional polymer 
increases bearing torque and ultimately 
failure. Abrasive particles left from finishing show up 
(bottom) under polarized-light examination of same area 
Trace contamination of this sort was present in all produc 
tion-run bearings tested, even though the bearings had been 
through the latest clean-room assembly sequence. Magni- 
fication in both pictures: 200X 


polymerized 


causes bearing 
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3: RESULTS OF CLEANING a contaminated slide-valve 
spool are shown here. Above: polarized-light view of the 
lapped surface reveals aluminum oxide particles imbedded 
in steel surface. Right: after nital etch cleaning (see table), 


the lubricant polymerizes from catalytic action of scratched 
metal surfaces. 
1000 le nt l failed be g | 
1000 particles present in a typical failed bearing, each 


particle 


Polarized-light inspection shows about 


iveraging about 3 microns (0.0003 cm) diameter 


1. CALCULATE the sliding velocity at the contact 
ellipse between ball and race 


Rolling velocity 0.125 & 2r(12000) « 2.54/60 


Rolling velocity 100 cm/sec 
rhe ratio of sliding/rolling at the contact ellipse is 
about 0.01 for this type of bearing. Thus, 


Sliding velocity = 0.01 « 400 4 cm/sec 


2. CALCULATE the area of race metal scratched open 
each second. Ratio of total contact ellipse area to total race 
area = It is therefore a fair guess that about 10% of 
the total 1000 particles present will be in the sliding area. 


Each particle will sweep out in one second a path approxi 
mately equal to fragment diameter x sliding velocity. 


Area scratched & 100 « 0.0003 x 4 
Area scratched & 0.12 cm*/sec 
3. CALCULATE the weight of polymerized resin 
formed per second. Thickness of polymer formed is 
roughly equal to diameter of the organic molecules in the 
lubricant. For high-speed bearing lubricants, this thick- 


EDITOR’S NOTE: Other recent ar- 
ticles on friction and wear include: 
How to Predict Wear Life of Rolling 


list values for over 50 candidates. 
Wear of Lubricated Surfaces, Apr 
13 '59, p 74—Staff report of ASME 


almost all particles are gone. This procedure extended per- 
formance life of the slide valve in jet-engine fuel-metering 
service. Particle count after cleaning would serve as in 
spection method for parts like this. Magnification: 200X. 


ness is about 30 angstroms (30 x 10° cm). The polymer 
formed has a measured density of roughly 1.0 gm/cc. As 
suming a uniform layer of polymerized lubricant is formed 


over scratched area, 


Resin weight 30)10-* & 1.0 x 0.12 
10-* gm /sec 

4. CALCULATE the time to failure: About 20 milli 
grams of oil are originally placed in each bearing assum 
ing that when half of this oil is polymerized, viscosity of 
the mixture is too high for proper operation, 


Resin weight 3.6 


Time = 0.5(20 * 10*)/3.6 « 10° 
Time = 2.8 * 10 sec > 80 hr 

This estimate is only semiqualitative, since a number of 
factors have been estimated rather crudely. Final result 
however, agrees quite well with actual failure times—so 
that the “naked metal” failure theory is certainly feasible 

Note that reducing the average number of particles per 
bearing from 1000 to 10, increases bearing life to a more 
desirable figure of 8000 hours. Thus a particle count might 
logically form the basis of an inspection test for precision 
mechanical devices. 
This article is based on tests sponsored by the US Navy's 
Bureau of Ships, and conducted at The Alloyd Corp in 
cooperation with the MIT Instrumentation Laboratory. 


ing, Nov 24 "58, p 63—-Shows why parts 
should be “worn in” before they take 
loads and why cast irons are less 


Surfaces, May 9 '60, p 44—New load- 
stress K factors for various material 
and hardness combinations simplify 
life-expectancy calculations for gears, 
cams, bearings, clutches, and links. 

Press-fit Test Picks Solid Lubricants 
for Extreme Pressures, June 22 ‘59, 
p 64—A simple way to find coefficient 
of friction when surfaces slide at 
high loads and low velocities. Charts 
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symposium covers recently developed 
techniques on isotope tracers, wear co- 
efficients, gear-tooth profiles and en- 
gine additives. 

ASLE Gear Symposium, Feb 16 "59, 
p 64—Staff report reveals some un- 
usual thinking on wear of oscillating 
parts, leading to a generalized wear 
equation for this type motion. 

More Surface Polishing—Less Gall- 


likely to gall than steels or brasses. 
Considerations for Friction Mate- 
rials, Mid-Sep ‘58, p C16—Discusses 
nature of friction materials, their char- 
acteristics and how to choose them. 
Predict Wear of Metal Parts, June 
23 '58, p 71—Presents new design co- 
efficients to account for galling; dis- 
cusses conditions of lubrication, sur- 
face cleanliness and surface cracks. 
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How does the government treat the 


INDEPENDENT INVENTOR? 


Most of the ideas submitted are from 
amateur mechanics who fancy them- 
selves inventors. But the government 
isn’t discouraged; mixed in with all 
these naive suggestions is a small but 
significant number of good ideas. 


JOHN C GREEN, executive director 


National Inventors Council 


Bect me assure you that despite opinion to the contrary 
the government does want your ideas. Although the gov 
ernment recruits a large number of creative scientists and 
engineers, there will always be many inventive and original 
people who cannot be brought into a formal governmental 
organization. We realize that we must find methods for 
locating such talents and encouraging them to submit 
ideas. Here are some of the methods we are trying 

The National Inventors Council was started a year be 
fore Pearl Harbor by Charles F. Kettering. Its objective, 
as “Ket” used to describe it, is to provide an “open door” 
in Washington for the American inventor. It does this by 
bringing together an informed group of scientists, engineers, 
research administrators and government officials whose job 
is to minimize the roadblocks for the outside inventor 
when he deals with his government 

The council and its staff, assisted by the scientific staff 
at our National Bureau of Standards, work in close coopera 
tion with technical personnel in the three armed services 
From them we collect those problems which are susceptible 
to inventive solution and for which they do not have 
promising ideas on the immediate horizon. These we pre 
pare in brief abstract form and publish in a booklet titled 
Inventions Wanted by the Armed Forces. The booklets 
are circulated by direct mail with the cooperation of tech- 
nical societies and distributed through publicity in the 
engineering press to those who have demonstrated inven 
tive abilities. Solutions that are submitted are given a sym- 
pathetic analysis; the ideas with promise are taken up with 
those technical personnel who initiated the problem. 

We have had enough experience to indicate that this 
is a productive system. But it’s a tedious process. Any 
organization that solicits ideas from the public must expect 
a high percentage of correspondence with people who are 
not inventors at all. Often these people are worthy citizens 
who haven't found their niche in society and like to call 
themselves inventors, despite the fact that they have never 
made a worthwhile invention and are unlikely to do so. 
About nine out of ten of those who send us unsolicited 
ideas fall into this category. 

We treat them courteously. We write them letters 


PRODUCT ENGINEERING + AUGUST 15, 1960 


which I might call of a public relations nature but we 
do not seek their continued cooperation or participation 
We are looking for that one man or woman in ten who is 
a serious inventor, who knows how to attack an inventive 
problem, and from whom we can expect promising results 
Experience shows that for every 1000 respondents, it i 
relatively easy to weed out the 900 amateur or pseud 
inventors and dispose of them rather quickly. This leave 
us with 100 serious proposals. 

Generally speaking, these break down as follows: 60 will 
contain seriously prepared and presented ideas but the pro 
posers are not aware of the state of the art and therefore 
have submitted ideas which are old or not in advance of cur 
rent developments; this leaves 40 with some promise. These 
40 display an original line of thinking, they add some new 
information to that already known and eacl to | 
examined by the man in the military who 
problem. Eight will probably be of d 
the representative of the Armed | 
information, he either gets it direct 
intercede for him. Once this has been 
ideas analyzed again, about half of the 
carded while the others ar 
ment, Perhaps one of the items tested will 
Thus, for 
genuine inventors, 40 give us ideas which 
which seem to have merit. Of this 49, 10 
und 24% are adopted. As far as I know, there are 


comparable statistics in private industry as 


one or more of the three services 


yptimistic a 
these. 

But let’s look at the problem as the inventor sees it 
If the research study made by the patent foundation at 
George Washington University is accurate, and I believe 
ibout the last 
place he should go when he has a new, useful idea. In 
1957, we asked George Washington University to approach 
a blue ribbon list of American inventors to find out if they 
had prior experience in dealing with the government and, 
in general, what their reaction was to invention for national 
defense. With the help of the patent-examining staff of 
the US Patent Office, we gave them an up-to-date list of 
proven inventors. This was supplemented by names from 
our files, and George Washington University selected an 
other group from ‘the records of engineering societies 
When they questioned these men, the substance of the 
reaction was, “Don’t waste your time inventing on national 
defense problems. If you've got something good, it won't 
be understood; and if it is, you won’t get paid.” 

We have used that study to show Congress what in 
ventors think about invention for defense. Ultimately we 
hope to get special legislation passed to improve relations 
between the independent inventor and the government 


it is, the inventor feels his government 


EDITOR’S NOTE: This article is based on a speech given 
by Mr. Green before the National Invention and New 
Products Conference and Exhibition, Cleveland, June 20-23. 
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ANGULAR 
ERRORS IN GEARS 


There’s no equipment available that can measure these errors 
quickly and accurately. Instead the author presents equations—some 
for the first time—which predict the effects of the seven key factors 
that influence angular accuracy. He also develops 


statistical-mean formulas that simplify estimates of probable total error. 


T C NIELSEN, associate engineer Thx prime function of 


IBM, Federal Systems Division 
a accurately transmit angular displacement he power they 
Owego NY 


transmit is negligible. One problem with this type of 
application is that there are no commercially available 
machines for measuring angular errors in gears 


many gears these days is to 


Some gear manufacturers do have specially designed 
test equipment, but they report that it often takes several 


pees days to check one set of gears. Also, because the phase 


a—Are : (e + 8), in relationship among the various factors that contribute 
— Lipear — to angular error is unpredictable, the actual total angular 
AB — Deviation from’ seminal tooth thick- error is indeterminate 


pO Cente distance tolerance or change, i To overcome these limitations we conducted a study 
Pitch 


to determine the following 


e Equations relating backlash and index error to vari 
ations in gear and mounting dimensions. Some of the 
equations presented here are well known; others are 
derived and are published for the first time 
Fe Sid antes oe ear 

38 — Inereae in radia die to misalignment, e@ Maximum errors that can result from these variations 
, for a set of Precision III gears (which are the highest 

5 — Radia ; ine veo ah enamel quality gears listed in AGMA’s present standard 236.04). 

in. The errors are based on the maximum manufacturing 
deviations permissible for this class of gears in accordance 
with the standard. 


e Statistical average of the total of such errors. 


With these equations and Table 1, you can quickly calcu 
late the maximum or probable angular error for a given 
quality class. If the error is too high, more precise or 
specially matched gears must be specified. 


GEARING ERRORS 


In general, all gearing errors resolve themselves into 
one of two types: backlash, and indexing error (sometimes 
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TABLE I—FACTORS CONTRIBUTING TO ANGULAR ERRORS 


(Based on Precision III Tolerances) 





Maximum 
Permissible 
Tolerance, in. 


Maximum 
Indexing Error 
Minutes Percent 
Of Arc of Total 





Center-distance Tolerance 
Running Clearance 

Tooth Thickness 

Pitch Error 

Profile Error 

Pitch-diameter Runout 
Lead-angle Error (F = 0.1) 
Lateral Runout (F = 0.1) 
Bearing Tolerances (ABEC-7) 
Shaft & Bearing Clearance 


+0.0005 

+0.0003 

— 0.0002 

+0.0001 

+ 0.0002 
0.00025 
0.0005 /in. 
0.0005/in. rad. 
0.0002 

— 0.0002 

+ 0.0001 

— 0.0000 

+-0.0004 


Housing & Bearing Clearance 


Totals 


In the design of pre 
affect 


called angulat-displacement error 
cision gearing, both of these malfunctions serious; 


the proper functioning of the over-all system 
Backlash is the error which results from the tooth space 


than the tooth thickness of the 


The true value of 


of one gear being larger 
mating gear at the operating pitch circl 
backlash is sometimes indeterminate because the engaging 
t oth 


to the amount of 


tooth may come to rest at any position within the 


spacc [he term angular backlash refers 


angular motion a meshed gear has when its mating geat 


is held stationary 


Indexing error is the deviation from the theoretical 


linear relationship between input and output angles of 
rotation of a gear mesh 

Although backlash and indexing error are independent 
often are a result of the same error 


of each other, they 


source. In unidirectional systems, in which the driving 


contact, 


maccuracy of 


and driven surfaces alw ivs remain in intimate 


backlash does not contribute to the angular 
Indexing error, on the other hand, is a cyclic 
affects every 


systems, the total 


the system 
factor and revolution. In the case of 


bidirectional angular error of a geal 
system is dependent upon the combined effect of both 


malfunctions 


CAUSES OF ANGULAR ERROR 


I'he key factors which contribute to angular errors are 


) center distance 
tooth thickness 
pitch error 
(4) involute-profile error 
(5) pitch-diameter eccentricity 


{ 


a 


(6) lead angle 
(7) wobble 


From the data obtained from this study, it was calcu- 
lated that a pair of one-inch-pitch-dia, Precision III, 20 
pressure-angle gears can introduce an indexing error (inde- 
pendent of backlash) amounting to 2 x 9.12 = 18.24 
minutes of arc, as shown in the table above. These same 
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1,500/D 
1.375/D 
1.375/D 
2.935/D 
1.250/D 
0.344/D 
0.344/D 
1,000/D 
0.250/D 


1.000/D 


13.873/D 


individual errors will 


mounting to 
EFFECT OF CENTER-DISTANCE VARIATION 
An 


vacrease in the 


0 0 
0 0 
0.687/D 7.5 
1.375/D 
2.935/D 
1.718/D 
0.344/D 
0.344/D 
1.375/D 
0.344/D 


0 


9.121/D 


cause backlash l 


13.87 minutes of 


} 
nominal center stan 


mounting holes in a gear case will cause a radial 


f meshed gears (see 


separation, 


on the linear backlash, B, is 


where 


diagram The effe 


influence of changes in center-distance 


usually caused by a change in 
determined bi 


B 25S tan ¢ 


B is in inches The angula 


be equivalent to: 


re] 


a characteristic of mating 


variation from the theoretical center « 


indexing error 
constant 


input 


output will be 


even if the 


Hence, 


ypart than usual 


A deviation in 
backlash and index accuracy of a gear mesh. However 


TOOTH-THICKNESS VARIATION 


tooth thickness will affect 


both tl 


i¢ 





if the tooth-thickness error is consistent throughout the 
gear, it will only affect backlash of the mesh. The index- 
ing error is introduced only when tooth thickness varies. 


~~» Theoretical tooth thickness 
, ———=++—-Actua/ tooth thickness 
et 2 i 


The angular backlash, £,, resulting from a deviation from 
the nominal tooth thickness, 4B, may be expressed as: 
8B. = AB/R 
where AB is equivalent to the linear backlash found by 
taking the difference between the theoretical tooth thick 
ness (no backlash) and the actual tooth thickness (see 

diagram ). 
For a variation in the thickness of the gear teeth, the 
indexing error, y2, is equal to: 
AB, — AB, AB, — AB, 


== - (radians) 


ene D 


where AB, and AB, are the linear backlash values of the 
respective teeth under consideration. Only half of the 
linear backlash values contribute to the error because only 
one side of the tooth is engaged. 


ERRORS CAUSED BY PITCH DEVIATIONS 


Pitch error is the amount by which the circular are be 
tween corresponding sides of adjacent teeth, measured on 


Ee. 70 


om, 


Pitch circle 





Pitch error 


a given circle, differs from the value obtained by dividing 
the circumference of the circle by the number of teeth 
Referring to the diagram above: 


xD 
Ap=p- V 
and 
Bs; = 2Ap/D 
A variable tooth spacing (pitch variation) will result 
in a tooth-indexing error. This angular displacement 
between any two teeth may be determined from: 


vs = 2(Am — Aps)/D 


where Ap, and Ap, are the pitch errors of the respective 
teeth under consideration. 


INVOLUTE-PROFILE ERROR 


Involute-profile error is the deviation of the actual tooth 
form from the theoretical or true involute. An error in 
tooth profile produces the same effect as tooth-thickness 
error, with the exception that the profile error may occur 
anywhere along the active profile of the tooth. A varia 
tion in profile error from tooth to tooth will produce an 
indexing error. 

I'wo positions of an involute gear-tooth profile generated 


Two positions of an involute gear 


from a base circle having a radius R, are illustrated. As 
the driver is rotated through an angle £,, the base or 
origin of the involute, point I, moves to point 3. At the 
original point of contact, point 2, the involute function 
of the angle @ is equal to angle @. 

After rotation, these angles have increased in magnitude 
to o, and @,, respectively. As the diagram shows, the 
angle or rotation is equivalent to the difference between 
the sums of the two sets of angles: 


A(@ 

By definition of an involute, the arc subtended by angle 
ao + @) is equal to distance a. Because a is measured 
ilong the line of action, a profile error Aa, measured 
perpendicular to the tooth surface may be substituted, and 


the equation for 8, becames: 
8, = Aa/R 
his equation gives the backlash resulting from a profil 


rror of Aa. The indexing error caused by a difference in 
the profile errors 4a, and Aa,, of two arbitrary teeth, is 


Sa; — Ady 
Ry 


PITCH-DIAMETER ECCENTRICITY 


To determine the error of angular transmission caused 
by the eccentricity of a gear, assume that the gear ratio 
is one-to-one and that the driver is a “perfect” gear without 
eccentricity. The mating gear has an eccentricity of ¢ 
inches. The initial point of reference is when the cente! 
of the eccentric gear lies on the line joining the centers 
of rotation and between these centers. This results in 
the position of tightest mesh or minimum backlash. 

The angle of error, ys, is the difference between the 
number of degrees which each gear has turned as a 
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Effect of gear eccentricity 


result of a given input (diagram above): 
1 — 5 
Because the driven gear is eccentrically mounted on its 
shaft, the angular velocity, »., of the driven shaft will 
vary because of the variation in the effective pitch 


radius R,. 





Determination of effective radius 


Referring to the above diagram: 
R, ecos 6, + (R* — &sin* 3, 
Because e is small compared to R, the last term within 
the parentheses may be neglected; thus 
R, ecosé, +R 
By differentiating the equation for > 
equivalent valves for de, and do 


and substituting the 


aé, * 


R, 
R 


where #, = constant input velocity. Substituting for R, in 
the equation for + 


dy dé, — dé, 


, and integrating, gives 


"~*=-> pain é, 


This is an expression of the indexing error caused by 
eccentricity. Backlash resulting from the varying dis- 
tance between the theoretical gear centers also should be 
considered. Because of eccentricity, the amount of radial 
separation will be the difference between the maximum 
pitch (R + e) and the effective pitch radius (R,) at any 
position of the eccentric gear: 
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S=(R+e)—R, 
Substituting in the equation for £, gives 


e 
Bs =2 R (1 — cos 6,) tan @ 


This equation represents the instantaneous backlash 
caused by eccentricity for a given angle of rotation. If 
both gears are eccentric and the velocity ratio is one-to-one, 
the total effect of backlash and angular error is dependent 
upon the phase relationship of the two gears. Where 
velocity ratios other than one-to-one are used, the number 
of combinations is unlimited and the total effect depends 
upon the phasing of the gears, the velocity ratios, and the 
amount of eccentricity. 


Jotal angular error 
Index error 
Backlash error 


ement 





Displa 





—-—— Angle of rotation ——= 
Variations in gear-eccentricity errors 

I'he graph above illustrates the relationship between the 
indexing error, backlash error, and total error which results 
from eccentrically mounted gears. 


LEAD-ANGLE ERROR 


A constant lead-angle error increases the effective tooth 
thickness of the gear. This means the operating-center 
distance must be increased to avoid binding, which results 
in excessive wear and additional angular error 

Angular backlash caused by a lead-angle error, A,, is 


tan A, 


F 
R 


Max angular error caused by a variable lead angle is 


PF P 
Qn Az 
R 


ERRORS CAUSED BY WOBBLE 


Assume that a perfect gear drives a similar gear that 
has been mounted so that the central axis of the gear 
teeth does not coincide with the axis of its shaft. This 
causes the gear to wobble like an elliptical gear with a vary 
ing lead angle 

An exact analysis of wobble error becomes rather cum 
bersome if all parameters are considered. Therefore, a 
simplified approach is taken by analyzing only two posi 
tions of the wobble gear. Each revolution has two dis 
tinct positions considered as “pure shaft misalignment,” 
and two positions considered “pure tilt”—diagrams (A), 
(B), next page. 


POSITION I—PURE SHAFT MISALIGNMENT 
Assumptions in this analysis are: 
© Both gears are perfect except for misalignment (non- 
parallel condition between the axes of rotation). 
e Axes of rotation lie within the same place. 


e Axis of rotation of the misaligned gear is coincident 
with the geometric axis of the gear teeth. 





EFFECT OF MISALIGNMENT AND TILT 


Axis 
Of -——= 
rotation | 
\\a 
\ 


\ 


\ p' = 
“8 
Axis of 


- rotation 
c 


(4) Pure misalignment (intersecting axes ) 























Arbitrary point Etfective protile 


Arbitrary point 
1 0 


(C) Distortion of tooth form 


Effective protile 
due to tilt 





——# cos A Lee A 
[ —— 


(E) Effect of pure tilt 


e Gear ratio is one-to-one, and only one tooth is in 
active engagement at any time. 

[he effective tooth profile is distorted from the true 
involute form diagram C). Point contact will occur in 
the plan A’A’, perpendicular to the axis of rotation of the 
misaligned gear (diagram D). 

Difference in the radial position of any point on the 
involute curve can be found from: 


h = -> sina — R(1 — cos a) 
2 


l'o avoid binding, the center distance must be increased 
by an amount equal to h. This increases linear backlash by 
AB 2h tan 4}. 


rhe resultant angular backlash is: 


AB [F sin a — 2R,(1 — cos a)] tan ¢ 
B - ——_——- 
R R 
where ¢, is the pressure angle and R, is the radius at arbi- 
trary point 1 (diagram C). 
Because a is usually small, cos a approaches 1, and the 


above equation can be simplified to: 


p sin a tan @; 


R 


Axis 
of ——~ 
rotation 


























(B) Pure tilt (skew axes) 








/ 
Axis of 7 
rotation 





he— A/f-cosa/) 








— 4 sma 


(D) Enlarged view of misaligned gear 


rhis equation indicates that the angular backlash vari 

1s a function of the instantaneous pressure angle. Hence 

an angular error will occur for each tooth in the misaligned 
gear. This displacement error is equivalent to 

I 

R 


sin a(tan @ tan @ 


where ¢, is the pressure angle at arbitrary point 2 


POSITION II—PURE TILT 


Assumptions in this analysis are 


e Geometric axis of the wobble gear and the axis of 
its shaft must lie within the same plane, and this plane 
must be parallel to the axis of rotation of the mating gear 

e Both gears are perfect except for tilt angle. 

e Center of the tilted gear coincides with the inter 
section between the two axes as seen in a plane perpendic 
ular to the plane in which the two axes of rotation are 


parallel. 
At any point along the tooth profile (diagram | 
+ F sin A 


l. {cos A 


rhe angular backlash caused by tilt is: 
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TABLE li—SUMMARY OF EQUATIONS 
(converted from radians to minutes of arc) 





Error Source 


Minutes of ere’ 





. Center—distance tol. AC, or 
running clearance Qo 


. Tooth—thickness variation AB 


1975 5C ran ¢ 
4B 
6075-48 


. Pitch error Ap oa75 56 


6375 42 
D cos » 


. Involute—profile error Aa 
. Pitch—diameter eccentricity 2e 
. Lead—angle ba 

angle error ) | 6875 ston a. 


3438-Esin ) 


. Lateral Runout, A 


6875 (1-cos 9) tan 


Maximum and probable totals of angular errors 





0 ngular Backlash 








Combining equations 


cos Xv 1) + FP’ sin 


R 
Because angle \ is usually very small, its cosine is nearly 


Des 


equivalent to 1. Therefore, a close approximation is: 
Bs F sin d)/R 
Maximum angular error caused by wobble occurs in 
the vicinity of the pure tilt position and is equivalent to 


. l l 
Pein d | | = “si Rate | 


where R,,,, and R,,,, define radii of the active profiles. 
These equations are summarized in Table II. 


STATISTICAL ANALYSIS OF ANGULAR ERROR 


The statistical value of the total angular backlash be- 
tween two gears is found by taking square root of the sum 
of the squares of the individual factors 

B = VB + Be + Be 4 Br 

Substituting the values as found in Table 1 gives the 

approximate general equation for Precision III gears: 
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Total Index Ervor 











8 = 5.02/D (minutes 
Maximum total backlash is 
Baaz = 13.8/D (minutes 
The statistical value of index error between two gears is 
ye = 4.02/D (minutes 
Also 
Ynez = 9.1/D 
This figure, however, is based upon the assumption that 
one gear is “perfect.” If two like gears are meshed, then 


|. ¢ 4.02 \2 
9 : nf 
Ye = 2 ( ) 5.6/D 
\ D 


Yues 18.2/D 

A quick approximation of the inaccuracies can be found 
from the above graphs. 

As an example of the magnitudes involved, if two 4-in 
pitch-dia, Precision III, 20° involute gears are meshed, 
there will be a probable backlash of 10.04 minutes of arc, 
and a probable index error of 11.2 minutes of arc 


and 


REPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept., Product Engineering, 330 
W 42nd St, New York 36, NY. 
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Many outstanding improvements have 


Blood Brothers © made this Hough Model H-90B Tractor 


. : z Loader a proven leader in its field. Avail- 
Drive Assemblies help give able with 114, 3 and 5 cubic yard capaci- 
ties, it offers a full 50° bucket-dumping 
ms 3 
wer ‘‘nay- f in angle, plus maximum lifting height and 
p owe p y 0 reach for loading large hauling units. 


The lower-front drive shaft and lower- 


rear drive shaft used on this latest equip- 
ment were manufactured to exacting 
specifications by Blood Brothers. It is 


typical of the many quality drive assem- 


blies Blood Brothers furnish for special 
equipment of all sizes. 
Rockwell-Standard’s Universal Joint 


Division offers a wide range of special- 


® ized engineering experience — involving 
everything from manual steering assem- 
blies . . . to power take-off drives . . . to 
heavy-duty propeller shafts. 


If you are planning or designing new 
equipment, consult our engineers for im- 
portant savings in time and money. A 
letter or phone call will bring coopera- 
tive, friendly, experienced assistance. 


Write for complete information 


7 


t 
\prthior FRoduil of ROCKWELL-STANDARD R, 


onen 2 2en 2 Me Een, | 
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7 more ways to 
PREVENT OVERLOADING 


For the designer who must anticipate the unexpected, 
here are ways to guard machinery against carelessness 


or accident. Six other ways appeared in our Aug 1 issue. 


PETER C NOY, technical representative 
Nicromatic Ltd 
Toronto, Ont 


L 
Oriving pin CAMMED SLEEVE connects input 
Driven pin and output shafts. Driven pin 
pushes sleev« to right against 
spring. When overload occurs, driv- 
ing pin drops inte slot to keep shaft 
disengaged. Turning shaft back- 


wards resets 





miri-'n|/Zo-H mo 














Output shoft 


~ 


» 
Filled with powdered 
‘ron and ol 


Output 
gear, 





Overload 


protection 
~~ 


— 
No overload 


nrotert 
prorecrion 









































SPRING PLUNGER is for reciprocating motion with 
possible overload only when rod is moving left. Spring 
compresses under overload 


O MAGNETIC FLUID COUPLING is filled with slurry 
made of iron or nickel powder in oil. Controlled mag- 
netic flux that passes through fluid varies slurry vis- 
cosity, and thus maximum load over a wide range. 

Slip ring carries field current to vanes. 
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US FLEXIBLE COUPLINGS 








Compensating for misalignment in Viking Wire Co., Inc. 


Wire drawing subjects machines to considerable 
shock loads. The Viking Wire Co., Inc. has a battery 
of 26 machines in the drawing room. This is one of 
the newest plants in the industry and has the latest 
in machinery, equipment and methods. 

“U.S.” Flexible Couplings were selected for all 
the machines (see picture) principally to absorb 
shock loads and compensate for misalignment. 
Other reasons for selection were ease of installation, 


Mechanical Goods Division 


lack of maintenance or lubrication and just plain 
overall efficiency. 

These couplings are so simple in design that the 
cost is very low compared with other couplings. 
Insist on having these tried on your machinery — 
and then watch your costs go down. 

One sure way to get expert transmission engi- 
neering is through your U.S. Rubber Transmission 
Distributor. 


United States Rubber 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


Rockefeller Center, New York 20, N.Y. 
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In Canada: Dominion Rubber Company, Ltd. 
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OVERLOADING con:inue: 





Fluid - tilled 


Output geor 





i) 


TT ie 














O FLUID COUPLING. Maximum load can be closely 
controlled by varying viscosity and level of fluid 
Other advantages are smooth transmission and low 
heat rise during slip 


Stee! shot 


Output geor. 














O STEEL-SHOT COUPLING transmits more torque as 
speed increases. Centrifugal force compresses steel 
shot against case, increasing resistance to slip. Add- 
ing more steel shot also increases resistance to slip 
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Soft meta 
shéor pin 


5 
TENSION RELEASE. When 


shears soft pin, jaws open to release eye. A spring that 


togzvle~ perated blade 


opposes the spreading jaws can replacs the shear pil 
. > 
Piezoelectric ii 
crystal rade Signal to 
amplifier 


and clutch 





Yielding 
ring 
































7 

PIEZOELECTRIC CRYSTAL sends output signal that 
varies with pressure. Clutch at receiving end of signal 
disengages when pressure on the crystal reaches preset 
limit. Yielding ring controls compression of crystal 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 







































































Integral air-hydraulic cylinder . . . 
consists of air piston and hydraulic piston mounted on single rod that is pushed or 
pulled by air cylinder controlled by valve. Two chambers in hydraulic cylinder are 
mnected externally in self-contained circuit. Adjustable speed control and ball check 
valve in circuit regulate flow of oil and speed of rod stroke. Stroke can be controlled 
on both forward and return or on either stroke with quick return. Suitable for pushing, 
pulling, pressing amping, hi Iding, lifting and other power movements in any direc 
tion Available in 14- through 10-in. bore sizes and in variety of mounting styles 
Base prices range from $65.40 to $314.7( Lynair Inc, 3100 E 
Michigan Ave, Dept AD, Jackson, Mich. 


Delivery, 2 wk 
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L10OW LIMIT SWITCH we nes 
Oo] 

eo 
eo! 





MOVING MACHINE PART 


BLEEDER ORIFICE 





“| 
: 

: 
cf 








AIR 
ACTUATOR 
ae | 








BLEEDER LINE 


Air-operated actuator .. . 
permits remote control operation of heavy-duty limit switches. Device requires no ait 
valve or air switch. Actuation is provided by 5/32-in.-dia orifice. In operation, unit, 
bolted to one of this manufacturer’s heavy-duty limit switches, is supplied air at 40 to 
80 psi through air inlet and inlet orifice. Air is allowed to escape through bleeder lin: 
to bleeder orifice. Closing of bleeder orifice by any mechanical means allows air to 
build up to line pressure in air cylinder, which, in turn, operates limit switch. Actuator 
is $4, list, plus price of switch with which it is used. From stock. R B Denison Mfg 
Co, 386 Broadway, Bedford, Ohio. 


Circle 301 on Reader Service Card 


66 


Oil-filled, porous nylon parts 
which absorb 15 to 50% of oil by weight, 
are reported to hold the oil under ex 
tremes of pressure, temperature and a 
eleration. Approximately 20% of oil 
retained even after centrifuging at 15,0( 
g. Nylon components are formed by cold 
pressing and sintering specially processed 
nylon powders by techniques similar t 
those used in powder metallurgy. Said t 
operate for long periods at frictional c 
efhcient as low as 0.01. Parts can 
used at 40,000 to 70,000 PV. Generally 
lower in price than machine parts; slightly 
higher than powdered metal or injection 
molded parts. Delivery, 3 t 5) 6Uwk 
Halex Corp, Sub of Polymer Corp, 2120 
Fairmont Ave, Reading, Penna. 
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Hard adapter rings .. . 
provide top and bottom support for set 
of softer V-rings. They are formed from 
endlessly folded fabric that resists frac 
tures from any direction and leaves no 
raw edges exposed to pressure medium 
Material combines strength of phenoli 
laminate with flexibility of rubber. Rubber 
mtent permits rings to breathe in ad 
ustment to pressure variations and equip 
ment motion and to close piston or rod 
learance to prevent extrusion of V-rings 
Adapter offers low-friction bearing surface 
Recommended for use in hydraulic o1 
pneumatic service—in pressures above 
2000 psi, where clearances are larger than 
ommended, where there high radial 
loading. Priced the same or less than other 
hard adapters now available Delivery 
3 to 4 wk. Greene, Tweed & Co, N 
Wales, Penna. 
Circle 303 on Reader Service Card 


Reinforced molding powders 
of nylon and styrene are reported to off 
superior tensile strength, impact strength 
flexibility and heat-distortion resistance 
as compared to nonreinforced nylon and 
styrene molding powders. Fiberglass fibers 
are embedded in powders to achieve im 
proved mechanical properties. Availabl 
in cylindrical pellets 4 in. dia and 3 to 4 
in. long, in natural or variety of colors 
Reinforced nylon powder ($1.46 to $1.85 
Ib) is offered in eight standard formula 
tions; reinforced styrene (49¢ to 72¢ Ib) 
in three standard formulations. Glass con 
tent ranges from 30 to 35%. From stock 
Fiberfil Inc, Fox Farm Rd, Warsaw, Ind. 
Circle 304 on Reader Service Card 
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575,000-psi wire . . . 
is now available in commercial quantities 
rhe high-tensile-strength wire is high- 
carbon steel wire (approximately 0.90% 
carbon) available in 0.005-in. dia and finer 
Larger sizes are expected with slightly 
reduced tensile strength. Offered with 
brass finish in continuous lengths to 2 
Ib and on spools to 10 Ib 
Standard Co, Niles, Mich. 
Circle 305 on Reader Service Card 


Subminiature Y4-turn fastener 
provides clamping force with ultimate ten 
sion-shear rating of 150 Ib in min envelope 


National- 


dimensions. Receptable is designed with 
}-in. rivet spacing, yet uses standard 0.062 
in.-dia rivets 


of receptacle are 0.285 x 0.680 x 0.102 


Actual envelope dimensions 


in. high 
is said to provide reach characteristics not 
possible with designs using spring-type re- 
ceptacles 
length increments of 0.015 in 


Spring design in stud assembly 


Stud assemblies are available in 
Offered 
in carbon and corrosion-resistant steels. 
Standard cadmium plate on carbon steel 
meets OO-P-416, Class 2, Type Il. Stain- 
less finish is plain, passivated per MIL-S- 
5002. Standard units are about 9¢ each. 
From stock. Camloc Fastener Corp, 62 
Spring Valley Rd, Paramus, NJ. 
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Proximity switch with delay... 
action provides either slow-make, quick 
break or quick-make, slow-break delays 
Used with a proximity pickup mounted at 
point of work, which senses ferrous and 
nonferrous metal parts, proximity control 
unit actuates associated circuitry or 
mechanical equipment when metal work 
pieces are close to pickup. When slow- 
make, quick-break delay is utilized, metal 
can be in presence of pickup for given 
amount of time before relay is energized. 
Relay deenergizes immediately after metal 
leaves sensing field of pickup. With quick- 
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make, slow-break option, relay is energized 
immediately after pickup is activated by 
metal workpiece. Relay remains activated 
for entire time metal is near pickup and 
remains energized for preset delay or hold 
time. Price, $112. From stock. Electro 
Products Laboratories Inc, 4500 N Ravens. 
wood Ave, Chicago 40. 
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150,000-psi alloy-steel bar . . . 
is reported to take the place of quenched 
and tempered bar steels and to eliminate 
heat treating and secondary operations. 
Said to have min hardness of Re 32, yet 
to machine readily compared to other 
alloy steels of similar hardness. It has 
been successfully roll-threaded and _pro- 
vides satisfactory finish and tool life. The 
0.40 min carbon-alloy steel bar is available 
in rounds ys through 34 in. Tolerances 
range from 0.005 in smaller sizes to 0.008 
in larger sizes. May be ordered in stand- 
ard, as-drawn finish or ground and 
polished. La Salle Steel Co, 1420 150th 
St, Hammond, Ind. 

Circle 308 on Reader Service Card 
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Miniature circuit breaker . . . 
protects small motors in portable power 
tools and appliances. Attaches to end of 
cord and protects motor from burning out 
by automatically cutting off power when 
machine is overloaded or overworked 

Available 
in 3 to 10-amp ratings. Modern Mfg Co 
Inc, 680 Davisville Rd, Willow Grove, 
Penna. 


Button resets circuit breaker 
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Stainless universal joints . . . 
in solid or bored types in 10 sizes, 2 
to 2 in. dia and 13 to 5s in. over-all 
lengths, are available from stock. Boston 
Gear Works, Quincy 71, Mass. 
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Heavy-duty, square-body 
valves... 

operated manually and mechanically have 
natural-finish aluminum bodies accentuated 
by black crackle-finish bases and trim 
Models include ballbearing cam valve, lever 
and roller-type cam 
operated by pushbutton, a large palm 
button, large palm button with hold 
vertical lever and telegraph-key lever. All 
are 4 in. size and most are available in 


valve, and others 


choice of two- or three-way, normally open 
or normally closed. Valves are primarily 
for air at pressures to 125 psi, but can b 
adapted for valving fluids and other gases 
Air capacity is 80.04 


Cam-operated valves can 


as well as vacuum 
cfm at 100 psi 
be operated at speeds in excess of 30,001 
cycles per hr. Humphrey Products Div, 
General Gas Light Co, Kalamazoo, Mich. 
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Step-function speed reducer... 


if) 


offers ten ratios up to | | and nonslij 


drive and repeatability of geared reductior 
Any one of ten speed ratio 
may be selected at twist of dial, without 


Available in 


ratio system 


stopping input shaft rotation 
five models, with torque 
nuous and 
Measures 44 in 
dia and 3 in. deep. Insco Co, Div of Barry 
Controls Inc, Hollis St, Groton, Mass. 
Circle 312 on Reader Service Card 


in.-oz, speeds to 15 Ipt 


3001 rpm intermittent 


1-in.-dia, high-pressure 
pickups... 

are capable of measuring up te 15,00! 
Units are 3 65/100 in 
less than 0.25 Ib 
reduction of about 50% over previous siz« 


psi 
long and weigh 


l'ransducers represent 


of such devices. Measure pressures in any 
range from 0 to 400 psi to 0 to 15,00 
psi and are available in various resistance 


continued on page 69 
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CRATEX 
\RUBBERIZED 
ret es “ABRASIVES 


sind fo what (Micro- -deburring, Smoothing, 
expected °F Cleaning, Polishing 


Cratex reliability lowers costs 


You can count on every Cratex item 
to perform just as you expect it to— 
exactly as the last one did and as the 
next one will. This is the key te effi- 
ciency in micro-deburring, smoothing, 
cleaning and polishing. YOU SAVE 
TIME because you know just what to 
expect in performance without experi- 
menting or compensating. YOU SAVE 
REJECTS because with Cratex no 
unexpected irregularities occur to spoil 
work pieces. 

WHEELS - POINTS - BLOCKS - STICKS - CONES 
in 4 grit textures for power or manual 


application. Sold through leading industrial 
supply distributors. 


FREE! Send for the complete CRATEX 
Industrial Catalog today 


CRATEX 


MANUFACTURING COMPANY, INC. 
1600 Rollins Road Buriingame, California 
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Squared 


WITHOUT INVESTING A DIME 


More machines to produce more? Add 
production equipment without 
spending or borrowing or leasing. 


use Spincraft MacHines halle mercury switch 


Speed production output economically by 
letting Spincraft produce part of your 
product — or all of it — from start to finish. 


Spincraft’s metal-spinning facilities, 
craftsmen, and versatile equipment are 
designed to solve your problems. As the 
world’s most experienced metal- 

spinning plant, Spincraft can bring to 
your metalforming problems 

solutions unavailable anywhere else. 


Check Spincraft now for your stepped up 
production needs or metalforming problems. 


4151 W. State St., Milwaukee, Wisc. 


Each month Spincraft sends its ‘Notes for An Engineer's File’ to CORPOR 257 GLENWOOD AVENUE. 
ATIOn 

qualified personnel in industry. Write us if you would like to — 

receive these valuable reports — 


theese ; SEE US AT BOOTH +2304— WESCON SHOW 
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. continued 


values. Pressure-sensing element is twisted 
tube, which moves wiper across winding of 
precision potentiomete! im response t 
changes in pressure. Can be manufactured 
to measure gage, absolute or differential 
pressures. For special applications, trans 
ducers can be made to withstand up to 
600 F, vibration to 35 g and operation 
in corrosive atmospheres. Linearity of in 
struments is reported to be held within 


‘ 


max tolerance of 1.5% over entire range 


Colvin Laboratories Inc, 364 Glenwood ; SPECIAL SERVICES 


Ave, East Orange, NJ. FOR DESIGNERS! 
Circle 313 on Reader Service Card Qo 
Hydraulic feed unit . . . \ M 


operates independently or in conjunction piv 
with other hydraulic equipment. Pressur« BERY 
i 


compensated feed valves permit flexibk 
range of operational cycles and becaus 


Ba iin = 


fine adjustment is possible unit can be 
used in applications that require an even 


feed in any part of stroke. Has ¥s-in.-dia 


drilling capacity in medium steel, with ad = sample quantities 
justable stroke up to 4 in. For use with 

up to ; hp motor, max speed is 3000 rpm produced 

Max hydraulic line pressure is 500 psi Hand-made pre-production quickly and 
with 700-Ib thrust for each 300 psi parts eliminate tooling ; 
Standard equipment in ludes }-in.-ID costs .. - Save you time and economically! 
money. Consult I-S engin- 

eers for fast, economical 

service on your sample 

orders. Send drawings and BERYLLIUM 
specifications for COPPER 
quotations. SCREW 
After proving correct MACHINE 
design in your Model Shop, PRODUCTS 
return to I-S for produc- ° 

tion quantities. Supreme Prototype and 
accuracy, uniformity and production parts 
long endurance life is em, aoa 
assured by I-S precision 

methods of manufacture. 


~ 


spindle nose. Enterprise Machine-Parts 
Corp, 2732 Jerome St, Detroit 12. 
Circle 314 on Reader Service Card 


CULL ecg el ee 


Plug-in dial timer . . . 

employs keyed guide-pin, wh 

timer in case, protrudes through 

plug-in terminal block on housing and i 
drilled to take snap-in cotter-pin clip 
Available for ac or dc operation, with 
standard dial ranges from 15 sec to 60 
hr for 115-v 60-cps current and dial ranges 


of 30 sec to 240 min. for 48, 125 and 250 

v de. Field conversion kit enables installed 

type 305 timers to be converted to plug _ oiitaees INSTRUMENT 

in units. Automatic Timing & Controls Cc A t 

Inc, King of Prussia, Penna. SPE 1 LT ES 
Circle 315 on Reader Service Card 3 ~ = sa 


co - Inc 


234 Bergen Bivd., Littie Falls, N. J. ne 
Telephone: CLifford 6-3500 





Synthetic instrument grease . . . 


is lithium soap grease for instrument-typ¢ 


= 
ec 


applications over temperature range of 
75 to 300 F. Utilizes medium-viscosity 
diester oi] as base fluid and has evapora 


|e) 


ALC winnnO 
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tion rate so low that is said to last up to 


continued on page 2 








Exciting Developments i 


Ceramists have known for centuries 
that the most beautiful, colorful and 
lustrous glazes and enamels contain 
important quantities of lead. Modern 
ceramic finishes call for beauty as well 
as low firing temperatures. The power- 
ful low temperature fluxing action of 
lead compounds perfectly suits them 
for the new low-temperature porcelain 
enamels for aluminum, steel, magne- 
sium, low fire glazes on brick and tile 
and a host of other products. 


Porcelain Enamels For Steel 
at 1000°F. 

Important news in the world of metal 
finishing is the development of porce- 
lain enamels for steel with extremely 
low firing temperatures. Based on the 
low temperature glass-forming prop- 
erties of lead, these enamels mature in 
the range of 1000°F.-1100°F. 


Because these enamels mature well be 
low the transformation temperature of 
steel, warping is no problem. A whole 
range of steel products formerly limited 
only to organic finishes because of 
warping can now have the advantages 
of porcelain enamel. Low temperature 


enamels can materially reduce costs of 
architectural panels too! — because fuel 
costs are much lower — substantially 


less expensive furnaces can be used — 
and low cost cold rolled steel can be 


specified 


High Luster Ceramic Products 
Lead glazes leave ceramics gleaming. 
Versatile lead compounds help glazes 
flow freely over ceramic body surfaces 
to form a hard, long lasting, brilliant 
coating. Melting quickly at relatively 
low temperatures, lead glazes save fur- 
nace time and fuel as well. And only 
lead-based glazes offer a wide softening 
range under varying kiln temperatures 

.a characteristic that keeps scrap 
rate low. The result: a smooth 
fool-proof glaze that readily covers 
blemishes, 


Glazed insulators With 
High Resistivity 
Passing tough military specifications 
for surface resistivity (7.5 x 10° meg- 
ohms at 95% relative humidity) lead 


glazes offer excellent protection for 
critical insulator parts from rough en- 
vironmental conditions. With lead, high 
resistivity is achieved both on the sur- 
face by barring the formation of an 
electrically conductive film of water 
vapor and in the coating itself (volume 
resistivity) . 


Application Labeis 
For Glass Containers 

Permanent, decorative ceramic labels 
for bottles and glass containers would 
hardly be possible without lead. Lead 
oxide is a preferred fluxing agent, be- 
cause low temperature glass-base fluxes 
made with it are less soluble in water 
and mineral or organic acids than lead 
less fluxes. In protecting the strength 
of the glass containers, lead oxide’s 
effective expansion coefficient factor is 
far lower than that of alkali oxides. 
Because of this, lead oxide maintains 
a thermal expansion coefficient well 
within limits compatible with the glass 
of the container being processed. 


Spandrelite Sparkies 
Lead-bearing glass enamels endow 
Spandrelite curtain-wall panels with 
jewel-like pastels, handsome chartones 
—a wider, more brilliant color selection. 


These rugged glass panels resist shock, 
withstand wide temperature fluctua- 
tions, and their lead-enameled surfaces 
are stainproof, non-absorbent and easily 
cleaned. Permanently fused into the 
glass, the colors won't fade with time. 


Building Highlighted by 
Porcelain Enamelied Aluminum 
In New York City, the 39-story Tish 
man Building has better than eight 





Vol. 2 No. 3 


n Finishing 


acres of curtain wall construction, with 
each window and spandrel separated 
building-high by 20-inch wide, white 
porcelain enameled aluminum strips. 
Lead’s low firing temperature is essen- 
tial to the production of porcelain 
enameled aluminum panels. In addi- 
tion, it provides elasticity and chemical 
resistance to the enamel finish. Lead- 
bearing porcelain enameled aluminum 
panels can be sheared, sawed, punched 
or drilled on the job with little or no 
chipping 


Permanent Color 
in Structural Clay 

Lead-glazed, clay-bonded, light aggre- 
gate vermiculite — a new and improved 
structural material — offers many ad 
vantages. Its high strength — meeting 
ASTM specifications for class A con 
crete block — and its wide range of per- 
manent color combine to provide the 
construction industry with a fine new 
structural clay product. It is a material 
excellent for both interior and exterior 
color styling with a smooth, self-clean 
ing surface. In developing the glaze, a 
variety of glass compositions were 
tested. Only lead glazes produced con 
sistently good results in the tempera 
ture range up to 2000°F. Lead glazes 
provide a controlled viscosity range, 
allowing reaction of the glaze with the 
body without yielding to excessive soak- 
ing of the glaze into the porous body. 


For detailed information concerning 
new uses, techniques and developments 
in lead, write to: Office of Technical 
Information, Lead Industries Associa 
tion, 292 Madison Avenue, New York 
m=. S: 
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THE DANGERS 
0) amy | 3 c] om 


Alemite Accumite* Centralized Lubrication System avoids costly breakdowns, 
work-stoppage. Automatic positive lubrication protects all machines! 


The Alemite Accumite® Centralized 
Lubrication System comes complete 
with pump, metering valves and con- 
trols. Meters exact amount of lubricant 
to all bearings whenever system is op- 
erated by air, vacuum or manually at 
any predetermined frequency. 

There’s no need for a lubrication 
shutdown. No chance of work spoilage 
or bearing failure due to over lubrica- 
tion. The Alemite Accumite System ac- 
curately meters .003, .006 or .009 cu. in. 
shots of oil or grease automatically. Is 
available with adjustable fittings for 
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applications requiring measured meter- 
ing from .003 cu. in. to zero. “Snap-On” 
and “Screw-In” type valves make for 
complete flexibility in converting exist- 
ing systems to automatic operation 

You are assured economical, trouble- 
free operation of equipment. All bear- 
ings are sealed against dirt, grit and 
water. You are able to eliminate the 
dangers of neglect because all bearings 
receive proper lubricant in one, auto- 
matic, safe operation! 

For complete details on Alemite Ac- 
cumite® Centralized Lubrication Sys- 


[Symbol of] mobo! of 


tems for large or small, stationary and 
mobile equipment (Canning and Label- 
ing Machines ¢ Tractor Trailers and 
Lift Trucks ¢ Farm Implements ¢ Ma- 
chine Tools * Textile Machines ¢ Any 
Machine or Vehicle with Moving Parts) 
write for your FREE Alemite Accumite 
Catalog ... today! 


ALEMITE 


Division 








PORAT 
1850 Diversey Parkway, Chicago, Illinois 
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100 times longer than conventional in 
strument greases. Reported to be com 
patible with conventional lubricants. Said 
to leave no harmful deposits on precision 
parts. Offered in 1 and 5-lb cans, 14-o0z 
cartridges and 35-, 100- and 400-Ib drums 
Lehigh Chemical Co, Industrial Lubricants 
Div, Chestertown, Md. 

Circle 316 on Reader Service Card 


Mercury plunger relay. . . 
rated at 100 amp at 115 v ac, is said to 
be capable of handling full 12-kw tung 


sten-lamp load. Mercury-to-mercury 





tacts are hermetically sealed and encapsu 
lated. Inert-gas atmosphere quenches arcs 
for cool running operation. Ebert Elec- 
tronics Corp, 212-32W Jamaica Ave, 
“Show me how an engineered cord Miller Electric can show you Queens Village, NY. ; 

set can... hard-working cord sets that give Circle 317 on Reader Service Card 
@ improve product appearance you these advantages — and more. 

@ cut assembly costs Imaginative design, the industry's 

@ increase customer satisfaction broadest line of stock cord set 

e multiply trademark mileage components, plus our complete 

for the same — OR LESS — money engineering service for problem 

than I’m spending now!” applications. 

Write for Catalog E1 


SQ | MILLER ELECTRIC CoO 


120 Main St., Pawtucket, Rhode isiand 
CIRCLE 206 ON READER SERVICE CARD 


Variable-flow pump... 
is vane-type positive-displacement unit 
with flow-changing device that varies pump 


\h capacity from zero to full flow. Calibrated 
ATIONA a dial that can be operated manually orf 
automatically either at pump or from 
RETAINING RINGS remote station changes displacement of 
pump (by changing shape of pumping 
hamber low rate is thereby subject 


simplify o infinite variations whil pump operates 


at mstant speed. Pumps are available 


in 2-, 3- and 4-in. sizes in four different 
your , ier RF types. Can be used in low-cost systems for 
desi ns | th cern git , proportioning liquids, through line blend- 
g . ing. Blackmer Pump Co, 1809 Century 

: Ave, Grand Rapids, Mich. 
Circle 318 on Reader Service Card 


National Retaining Rings have effected important 
economies in a wide range of applications from 
heavy duty machinery to toys. Elimination of 
machining, threading, nuts and cotter pins are 
typical advantages. In many applications, reduced ductility and corrosion resistance Im- 
space and weight requirements and substantial proved refining techniques and control of 
savings in material can be accomplished with t ; important alloying elements have increased 
these easy-to-install retaining rings. 1800-F stress-rupture life by 18% and 


Cobalt-base alloy .. . 


is said to have improved high-te mperatur 


strength in 1800 F range with good 


rupture elongation by 160% over previous 

The NATIONAL LOCK WASHER COMPANY alloy variations. Ajir-melted alloy is re 
Serving Industry Since 1886 ported to have excellent casting and 

NEWARK 5, NEW JERSEY ¢ MILWAUKEE 2, WISCONSIN 


continued on page 76 
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Better products through better methods and steels 


With Weirzin: easy fabrication of 
beautiful baseboard heating panels 
that last and last and last. 

This high quality electrolytic zinc- 
coated and bonderized steel sheet is 


produced to our customers’ require- 


ments for uniformity of gage, width 
and temper. This attention to quality 
along with the excellent corrosion re- 
sistance provided by the zinc coating 
puts Weirzin at the top of its category 
and around the bottom of an increas- 


ingly large number of commercial 


and residential! interiors. 

There, these base- 
board heating panels pro- 
vide a functional border 
of beauty that requires little or no 
maintenance. The chemically treated 
surface holds the smoothest of paint 


Leok for the STEELMARK 
on the products you buy; place 


it on the products you sell. 


jobs and the tight zine steel bond 
eliminates all possibility of underfilm 
corrosion. Proof that despite the 
severe bending and forming it under- 
goes, Weirzin maintains a flawless 
bond between the zine coating and 
the steel sheet. 

Result? The fabricator enjoys the 
workability of a fine product and the 
ultimate consumer benefits from its 
serviceable beauty. And that’s true 
of any product made from Weirzin. 

Strong, smooth Weirzin electro- 

: me lytic zinc-coated steel is 
manufactured by Weirton 

Steel Company. Its high 

quality is typical of the 

many other steels produced by Weirton 
and used throughout industry to im- 
prove products, methods and profits. 


WEIRTON STEEL 


Weirton, West Virginia 


| STEEL | 


L commant 


Weirton Steel is a division of NJ AT I oO N AL S = E E L Cc Oo R P Oo R AT | Oo N 


CIRCLE 73 ON READER SERVICE CARD 





two more cases where PARTS PRODUCED FROM 
provide excellent bearing properties 


MUELLER BRASS C0. 600 ALLOY 
screw machine product used in 
heavy duty farm equipment 


This heavy duty planetary pinion shaft, made as a screw part from tough “600” 
series bearing alloy, was the answer to a continuing wear problem encountered 
in the driving mechanism of heavy-duty farm equipment and big trucks. The part 
is machine produced to exacting tolerances and all necessary finishing operations 
are done by Mueller Brass Co. so the pinion shaft is ready for installation when 
received. Since “600" alloy parts have been installed, no operating failures have 
been reporied and the shafts have proved far superior to the material formerly used. 


& 


oleae on, 





s 
t 
4. 


lee dy a9 


COLD-PREST 


MUELLER BRASS CO. IMPACT EXTRUSIONS 


Methods Analysis Department 


ANALYSIS SERVICE 


You get sound, unbiased advice 
on the one best method of 


/] making your parts because 


Mueller Brass Co. is the only 
fabricator in the country offer- 
ing all these methods of pro- 
duction. An experienced 


has at its command a complete 
knowledge of the advantages 
and limitations of each produc- 
tion process. This unique tech- 
nical service is your assurance 
of getting the best product at 
the best price . . . made the 
one best way! 


PLASTIC INJECTION 
MOLDING 


MUELLER BRASS CO. 
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MUELLER BRASS CO. 600 attoy 


and maximum wear resistance in tough applications 





_{ CASE HISTORY 





MUELLER BRASS CO. 600 ALLOY forgings 


used in aviation air compressors 


Analyzing the job requirements of Walter 
Kidde & Company, Inc., for a main driving 
cam P t to be installed in a recipro- 
cating type of aircraft air compressor, Mueller 
Brass Co. Methods Analysis Engineers de- 
cided on a forging fabricated from “600” 
alley as the most practical method of pro- 
duction. Since the cam forms the prime 
component of the driving mechanism, it 
must have good bearing wear surfaces and 
because the compressors are used in the 
aviation industry, the cams must be com- 
pletely dependable. The close grained, strong 
forging that resists combination compressive 
and tensile stresses was the answer. 





A typical compressor takes in ambient air 
ond compresses it to 3000 psi or higher. 
This high pressure air is stored in metal or 


fiberglas containers until needed for actu- 
ation of pneumatic system components such 
as solenoid control valves, brake valves, 
menval control valves or actuators. These 
and other pneymatic units retract the en- 
trance door, operate landing gear, wheel 
brakes, nose wheel steering systems, pro- 
peller brakes or perform other functions. 


Aircraft in which Kidde compressors are 
installed include the Boeing 707, the Douglas 
DC-8, the Lockheed Electra, the Fairchild 
F-27 and vorious military aircraft. 


Mueller Brass Co. produces press, hammer 
or cored forgings of any practical shape 
from a few ounces to 150 Ibs. in brass, 
bronze, alumi and gnesi in 27 
standard, as wel: as special, alloys. 





Aircraft air com- 
pressor equipped 
with hydrauvlic 
drive delivers air 
compressed to 
3000 psi at the 
rate of 6 cfm. 


Forging is part of the 
main cam, the prime 
component of a modi- 
fied Scotch-type yoke, 
which is the piston 
driving mechanism in 
the air compressor. 


This yoke forging is 
lightweight, yet 
strong; hes excellent 
bearing wear surfaces. 





POWDERED METAL PARTS SAND CASTINGS 


PORT HURON 29, MICH. 
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FORMED COPPER TUBE 


Write today for free technical 
literature on any one or all of 
the seven fabricating methods. 
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gee ame aii foundry characteristics. The cobalt-base, 
2 


high-tungsten alloy contains 20% chro 


NICHOLSON WELDED FLOATS |: em s-rcccee 


mium and small additions of columpium 
Applic ations include investmeut-cast air- 
craft gas-turbine parts, tools used in hot- 
forming operations, brazing fixtures and 
furnace components. WaiMet Alloys Co, 
$320 Oakman Blvd, Dearborn 2, Mich. 
Circle 319 on Reader Service Card 


10- and 20-micron filters . . . 
handle hydraulic flows to 100 gpm. A 
20-micron element to handle 100 gpm at 
1 psi and a 10-micron element to handle 
100 gpm at 24 psi are based on 150 SSU 
I'he 20-micron element will handle 10( 
gpm of 500 SSU at pressure drop of 4 psi 
Elements are designed to be used on full 
flow in housing with working-pressure ca 
pacity of 125 psi and are reported to 
withstand pressure surges that may build 
up faster than automatic bypass can react 
to limit pressure drop across element 
for buoyancy mediums Filter medium is made of resin-impreg 
nated cellulose, backed by perforated steel 
- cylinder that is reinforced by three sup 

fluid chambers... pressure vessels porting rings spot-welded in position 
Rosaen Co, 1776 E Nine Mile Rd, Hazel 

Precision welded, these floats give long, trouble-free service under Park, Mich. 

pressure or corrosive conditions for which they are specifically made. Circle 320 on Reader Service Card 

That’s why they’re second to none for real economy. Spherical, 

elliptical or cylindrical . . . for working pressures up to 2500 lbs. 

Diameter sizes from 2” to 14”. Walls uniformly thick because float 

halves are die formed . . . not spun, laminated or electro-deposited. 

Annealed to prevent cracking. Seams all butt welded. Steel floats: 

chromium, cadmium or copper plated. Also available unplated, with 

sandblast or pickled finish. Stainless Steel and Monel floats: rough 

buffed, polished or with smooth, highly finished welds. Let’s tell you 

more about these high tensile strength floats. 


se saci cciuiagchladittth ils tafe ea taAl chantidaeti 4 


This Coupon Brings You !nformative 
Bulletin On Floats 


Bulletin 753 contains facts on steel, stainless steel and mone! floats, 
information on float connections, tables showing weight, buoyancy and 
collapsing pressure for spherical floats for all gauges ... also volume 
and buoyancy data. Fill in and mail this coupon for your copy. 


| Binary thumb switches . . . 


require 4 in. panel space Fixed type 


terminates in soldering terminals; remov 


receptacles. Vertical-mounted thumbwheel 
Title has figures from 0 to 9 exposed through 
bezel window. Chicago Dynamic Indus- 
tries Inc, 1725 W Diversey Blvd, Chicago. 

Circle 321 on Reader Service Card 


Company 
Street 
City =_— ESS Se 


Base nickel layers. . . 


that are electrolytically deposited from 


W. H. NICHOLSON and COMPANY 
12 Oregon St., Wiikes-Barre, Pa. 


| 
i 
Name ‘ , ; | | able type plugs into fixed printed circuit 


conventional plating baths, when com 





pared with base nickel coatings produced 
with other procedures, are reported to have 


; & ee © LS © Wi substantially higher leveling characteristics 


and to be inherently activated during de- 
of Wilkes-Barre | position process to provide high suscepti 


continued on page 80 
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productivity 


“SPRING FASTENERS 
increase production— reduce costs 


(OF PHILADELPHIA 


Whether your product is large or small, plain or fancy, simple or complex, mass-produced or 
custom-built . . . there’s a strong probability that a GARRETT Spring Fastener will increase your 
productivity—make it easier to build . . . easier to assemble . . . less costly . . . and better! 

Usually . . . one of the many varieties and sizes of cone or twin-prong flat nuts, ‘J’’ nuts or 
“U"’ nuts and push-ons, in GARRETT’S large stock, will do the job nicely. But... when a special 
fastener is required, GARRETT again serves . . . by imaginatively designing and promptly supply- 
ing effective fasteners in sample quantities. And... Garrett products are of the highest quality. 
Every step in the manufacture of GARRETT Spring Fasteners is subject to the most rigid control 
because GARRETT itself performs every operation. There is no subcontracting no divided 
responsibility. 

Nhen you specify GARRETT Spring Fasteners you specify extra service higher quality 

greater dependability! 


For further information, write GARRETT . . . THE MOST COMPLETELY INTEGRATED PLANT IN THE INDUSTRY. 


> GEORGE K. GARRETT COMPANY, INC. 


8849 TORRESDALE AVE., PHILADELPHIA 36, PA. 
OTHER QUALITY PRODUCTS BY GARRETT 


/ ot 


NERS ) 


— = 


oO 


helical spring lock washers flat washers stampings hose clamps spring washers 
5 : 
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ANKER-HOLTH 
CYLINDERS FULFILL 

RIGID 

ESTINGHOUSE 

REQUIREMENTS 

IN NEW WEAN 
GEARLESS 
FLYING 


PRESS" 


A new gearless ‘Flying Press’, especially designed and built by Wean Equipment Corporation for 
Westinghouse Electric Corporation’s Standard Control Division at Beaver, Pa., is equipped with 
Anker-Holth cylinders. 


The press operates at twice the production rate of the presses previously used for this operation. It 
offers reduced die maintenance and permits simplified over-all machine maintenance. 


Necessary components in the press are rugged, reliable cylinders for pulling the lower bed out of 
alignment in event of cobble or mis-feed emergencies. Wean has found that Anker-Holth cylinders 
fulfill this rigid and exacting requirement. 


Chances are, Anker-Holth has the answer to your power cylinder needs, too. You may choose from 
the world’s widest selection of standard models, available in all mountings. Special cylinders can be 
designed to your exact requirements, usually assembled from a combination of standard parts. 


{E> YOU HAVE A BETTER CHANCE <5) OF FINDING THE EXACT POWER CYLINDER 
YOU NEEDcti}JpIN A STANDARD=<(((f PRODUCTION MODEL ({—{ += AT ANKER-HOLTH 


L - 


ANKER ( HOLTH @ 


DIVISION, THE McDOWELL-WELLMAN COMPANIES 
2723 CONNOR STREET, PORT HURON, MICH., U.S.A. 
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Some Ideas 


Papers, in their special way, are as differ 
ent as people and choosing the best 
paper for a specific job can be as difficult 
as choosing the best person for the job. 
Here at K&E, we try to do the work for 
you, by painstakingly determining pre 
cisely the characteristics required, then 
refining them to the 
Here are some good examples 


point of excellence 


A New Type Of Typing Paper 
Translucent typewriter papers very 
popular of late for typed originals from 
which numerous copies must be made. The 
savings when you use 
translucent originals through diazo repro 
duction—savings up to 80% 
But most translucent papers used today 
stand very poorly. Recognizing 
the inevitability of human error, K&E has 
perfected a better translucent typewriter 
paper called TY PEMASTER® (193)—the 
perfect answer for those whose typing is 
less than perfect. TYPEMASTER’s com- 
pletely new, engineered surface affords 
outstanding erasability. A thin, unusually 
tough coating, it readily catches and holds 
the typewritten image, yet resists penetra- 
tion of the ink into the paper fibers and 
therein lies the secret of good erasability. 
A number of skeptics who tested the new 
TrYPEMASTER sheets now 
carded all others. Skeptical or not 
we suggest you try it 


are 


are considerable 
in many cases 


erasure 


dis- 


may 


have 


Tracing Pads “To Travel" 
Brilliant ideas often occur at random mo 
ments 
move usually keep a tracing pad handy 
But pads with soft, chipboard backing are 
of little use without a desk under 
That’s why all K&E tracing pads are 
backed with sturdy bookbinder’s board 
the same tough board found in any high 


For that reason, engineers on the 


them 


priced, permanently-bound library volume 
Wherever you are you're assured desk-firm 
support with a K&E pad. Another plus 
the sheets are bound in by a gummed edge 
for neat and easy removal. Available in a 
wide variety of grid patterns and sizes, 
with plain or imprinted sheets (standard 
headings), K&E book-bound, gummed 
edge tracing pads are perfect workmates 
for the “portable” professional 

The Most Pampered Naturai Paper 

in America 

For the greatest transparency, the over- 
whelming choice is KRE ALBANENE® 
prepared tracing paper. But for ability to 
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TYPEMASIER 


ERASES 


PERFECTLY 


stand a lot of abuse on the drawing board 
and in subsequent processing and handling 

many companies prefer to sacrifice some 
transparency and use a natural tracing 
paper. Here we recommend a truly re- 
markable K&E product—-BANKNOTE*™ 
(174L). This thin, flexible, 100% rag trac- 
ing paper will weather a double share of 
abuse. You can actually crumple a sheet of 
K&E BANKNOTE up into a tight ball... 
then smooth it out to find it 
good as new for reproduction purposes! 
The paper makers who produce BANK 
NOTE for K&E proudly refer to it as 
America’s most pampered tracing paper 
No other paper we know receives the same 
care and attention from initial inspec 
tion of the textile bales, through every 
step of processing, to final shipment. With 
K&E BANKNOTE, papermaking skills 
come into play as with no other paper 
made on this side of the Atlantic — from 
use of a paper machine that runs a “top 
jacket” (one of the few still employed), 
through the artful “wet packing” process, 
to careful air-drying, super calendering, 
and rewinding. The result is a sheet of un 
surpassed mellowness, yet with unusual 
stamina and workability 

Now You Can “Taik"' in Triplicate 
Although low-priced canary tissue enjoys 
wide usage as a so-called “talking paper”, 
we've heard many complaints about its 


almost as 


for your file of practical information on 
drafting and reproduction... from 
L__. — —— — —~—-— KEUFFEL & ESSER CO.-—————-——— 


4 
| 
| 

zm) 


to reproduce well in standard 
With this in mind, we 
LIGHTWEIGHT 
(185) 


inability 
copying machines 
present K&E’s newest 
SKETCHING TISSUE designed 
specifically as a reproducible “talking 
paper.” This tissue is ideal for preliminary 
sketching when you want sharp reproduc- 
tions from a standard diazo, blueprint or 
office copying It's a 
bleached sulphate with just enough yellow 
tint added to afford good contrast for pen 


machines pure 


cil, charcoal or crayon. You'll find K&l 
LIGHTWEIGHT SKETCHING TISSUE 
well worth any small price difference 
You can test this quartet of fine papers 
at your local K&E dealer's . . . 
coupon below to get samples for private 
perusal. Do it today ... there’s a world 
of better work at stake. 


or use the 


RN ES AS GS SS SS EES SED SED SS GED SED GD GD GED GED ay 


K&E BANKNOTE Tracing Paper 


Name & Title 


Company & Address 


rpocclccrerere 


KEUFFEL & ESSER CO., Dept. PE-8 Hoboken, N. J. 
Please send me samples and further information on the following 
[] K&E TYPEMASTER Translucent Typewriter Paper 


oO K&E LIGHTWEIGHT SKETCHING TISSUE 


ce ec er ee ee ee ce ee ee ee ee ee ee ee ee 
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. » continued 

fasteners bility for subsequent application of bright 
nickel platings. Process is said to eliminate 

—_ necessity for special intermediate activating 
— step. Seymour Mfg Co, Seymour, Conn. 


Circle 322 on Reader Service Card 


Oval and round handles .. . 
made to meet specifications of MS-39087 
are available in chrome, nickel-plated, stain 
ess steel, aluminum and cau be anodized 
in several colors. Distance between mount 
ing holes for oval handles ranges from 

to 9 in.; depth ranges from 1a) to 17 in.; 


} 


Distance between mounting holes for 


I, - oi 
: round handles ranges from 2 to 64 in; 
ae : depth ranges from § to 1% in. Vemaline 
“ . Products Co, Franklin Lakes, NJ. 
Circle 323 on Reader Service Card 


: Cartridge flow regulator . . . 
is said to maintain constant flow to syste: 
at Os ‘ in spit t variations in pump output, « 
a T|_. Earmrerennenennn Be f upstream or downstream pressures. Used 


in single body of multivalve manifol 


valve is available in 0.1 to 6.5-gpm flov 


ae : Regulated flow is factory-set, but externa 
MLS a > a =— idjusting screw permits field adjustment 
‘ 4 of 10% for flows 0.1 to 1.5 gpm and 
or flows 1.5 to 6.5 gpm Regulator 
<UUU psi operating pressu! 


} | ure drop of 25 psi it high fl 
ind psi at low flows. Weighs 4 « 


> Fluid Regulators Corp, 313 Gillette St 
or he é § é K , oe Painesville, Ohio. 
Se 7 Circle 324 on Reader Service Card 
E C oO ad & MM © Curved preforms for brazing 


ipp itions where one tube is radiused 

' 9 saddled to fit over another, and wher 

D & ed f- he D A tness of washer can hold radiused mem 
ber away from other tube, are now avail 


rved washers and shims are being 


ustom manufactured of silver alloys t 
HUCK gives you MORE than “just a fastener”. Huck'’s foolproof meet individual specifications. Normal de 
installation tools, convenient power units and versatile fasteners give livery time is 10 days to 2 wk. Lucas- 
you uniformity and speed of installation beyond your fondest hopes, Milhaupt Engineering Co, 5051 S Lake 
even with inexperienced operators. Savings of up to seventy per cent Dr, Cudahy, Wis. , 
on installed cost have been obtained by many users of Huck fasteners. Circle 325 on Reader Service Card 


There is a HUCK fastener to meet your specific requirements whether 
they be high tensile or shear strength, blind application, thin sheets, 
wood-to-metal, broad bearing area, flush installation, high clinch, 
positive mechanical lock, elevated temperature, corrosion resistance to electrical signal. Sensitive pilot valv: 
or speed of application. A phone call can save you important production ! obtains hyd: salic amplification within 
dollars. It costs you nothing to find out. | valve body, eliminating necessity for ex- 
| ternal electronic or electrical amplification 

We invite your inquiries. | of control signals. Full flow can be ob 

tained with signal power as low as 2 

milliw. Electrical signal is applied to dry 

torque motor, which, in turn, position 

MANUFACTURING COMPANY pilot spool valve. Spool valve opens ports, 

idmit hydraulic fluid under pres 


whi h 


Electrohydraulic servovalves 


ontrol hydraulic power or flow in response 


sure fo position main output spool V ilve, 


2480 Bellevue Avenue + Detroit 7, Michigan - Phone WA 3-4500 | continued on p 83 


80 CIRCLE 80 ON READER SERVICE CARD PRODUCT ENGINEERING - AUGUST 15, 1960 





trU-LAY PUSH. CONTROLS PROVIDE ACCURATE, 
DEPENDABLE REMOTE CONTROL FOR HUNDREDS OF PRODUCTS 


e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL Y 
FLEXIBLE CONTROLS can help solve your design prob- i COMPLEX MECHANICAL 
lems. They provide positive remote control over long mr} Zs LINKAGE 
or short distances—up to 150 feet from the control + Sa a 
point. Because they operate while flexing, they can : <a 
snake around obstructions. They will not buckle. They ¥ 
are ruggedly constructed, easily installed and operated, 
sealed against dirt and moisture, and will handle jobs 
with as much as 1,000 lbs. input. PUSH-PULL CONTROLS 
are simple, have but one moving part, are noiseless, 
and give a lifetime of accuracy. Mechanical linkages, 
on the other hand, are complex. Unlike PUSH-PULL CON- ne 
TROLS, they are made of many parts, wear at many PUSH-PULL 
points, and produce increased backlash, lost accuracy, 
and vibration rattles. 


Sizes and Operating Heads to Fit Your Design 


Heavy Duty « For use where 
- , rugged duty prevails, but where 
Minimem =| Meximom Inpet operation must be smooth and 
Recommended | Load in Pounds accurate. Meets all require- 


Control Radius ‘Dependent ments for dependability and life. 


Dimension in Inches on Travel ) Light Duty « Gives smooth, 

accurate and dependable per- 

formance at low cost. Available 

30 with your choice of several types 
of knobs. 


65-125 Selective Friction « Amount of 
friction can be changed to meet 
115-175 individual requirements of the 
operator or application. Friction 
300-600 constant at any setting. 


Position Lock « A slight turn of 
700-1,000 the T-type handle locks the con- 
trol in any position. Available 
in two sizes for light and heavy- 
duty applications. 





‘ 





























Micro Control « Push or pull 
the knob for instantaneous re- 
sponse, then rotate knob for 
vernier adjustment. Built for 
smooth, efficient operation on 
any job. 
~ 


PUSHR\\. DATA FILE shows how 


oe o > > 

to simplify, improve design 
PUSH-PULL CONTROLS are solid as a rod and flexible as a wire rope. 
They’re factory-lubricated for life, unaffected by temperature ex- 
tremes, and can be adapted to practically any application. For com- 
plete details on how you can use them, write for the PUSH-PULL DATA 
FILE. It contains 7 engineering Bulletins which describe in detail the 
operation of PUSH-PULL CONTROLS, their applications, features and 
advantages. Our engineers will be glad to help you make TRU-LAY 
PUSH-PULL CONTROLS a part of your product. 


-PUSH-PULL CONTROLS *<° 


Automotive and Aircraft Division « American Chain & Cable Company, Inc. 
601-E Stephenson Bidg., Detroit 2 
6800-E East Acco Street, Los Angeles 22 » 929-E Connecticut Ave., Bridgeport 2, Conn. 
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LOWER COST 


on your 
products 


with this 


GRIPCO CENTERLOCK NUT 


family of 


GRIPCO 
FASTENERS 


All types and sizes of 
Gripco fasteners listed 

in catalogue are available 
for immediate delivery. 
Qualified fastener 
engineers are available 
for consultation on all 


your assembly problems. 
GRIPCO PILOT-PROJECTION 
WELD NUT 


Other Gripes Producto: 


MINIATURE WELD AND CLINCH NUTS, 
WITH OR WITHOUT LOCK. 


GRIPCO AND CENTERLOCK 
HI NUTS. 


STANDARD SEMI-FINISH FULL 
AND JAM NUTS. 


STAINLESS STEEL LOCK, WELD 
AND SEMI-FINISH NUTS. GRIPCO COUNTERSUNK 


COLD FORMED SPECIAL NUTS WELD NUT 
OR PARTS TO PRINT. 


The Hation’s Oldest 
oh Lock Mute 


Send for samples and NEW CATALOG today 


GRIP-NUT comranv 


102 MAPLE AVE. * SOUTH WHITLEY, INDIANA 
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NEW 15” PM MOTORS 


These two 14” diameter permanent magnet d.c. motors pack 
the kind of aa torque you want to replace larger, less efficient 
motors. Use them alone, with a governor, a brake, or a Globe 
precision planetary gear reducer (101 standard ratios, up to 
1000 oz. in. output torque). Each has 21 standard windings from 
4 to 115 v.d.c.; custom building to your exact specs is simplified 
Designed to meet the roughest MIL specs 

Type si: 14” dia. x 2'%,” max. length. Weight 11'4 oz 
Continuous duty rating is 1/30 hp 10,000 rpm. Intermittent 
torque output is 8.0 oz. in. Speeds to 13,300 rpm 

TYPE BD: 1',” dia. x 2%,” max. length. Weight 9 oz 
Continuous duty rating is 1/45 hp 12,000 rpm. Intermittent 
torque output is 4.0 oz. in. Speeds to 15,700 rpm 

You can operate both motors within 0.1% speed accuracy 
with Globe’s new electronic governor or within 2% with a 
mechanical governor. Request Bulletin BDL-205 from Globe 
Industries, Inc., 1784 Stanley Ave., Dayton 4, Ohio 





GLOBE 
INDUSTRIES, 
INC. 


GLOBE 
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FULL CONE—HOLLOW CONE—FLAT SPRAY 


Spraco has the most complete line of nozzles available 
IN STOCK. Capacities range from 4 pint /min 
to 4000 gal./min. Bronze, cast iron, and stainless steel. 
Write for our nozzle catalog. 


SPRAY ENGINEERING CO., 133 Cambridge S1., Burlington, Mass. 


i" CONE 


anywhere — 








HOLLOW CONE 
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which actually controls flow of fluids. For 
operating pressures from 150 to 4500 psi 
and full flows ranging from 5 to 5 
gpm with 1000 psi pressure drop. Output 
an be linear or shaped to desired curves 
For media and ambient temperatures of 
65 to 450 I Integral plug-in filter 
protects pilot valve. Valves can be op 
erated with either mechanical or electrical 
signals with outputs in the form of flow, 
pressure, force and position. Consolidated 
Controls Corp, 750 § Isis Ave, Inglewood 

1, Calif. 
Circle 326 on Reader Service Card 


Electrically heated laminates 
are designed for various watt densiti 
with max surface temperatures in 400 to 
500-F range. Sheets 0.021 in. thick resist 
electrical breakdown in saline solution 
immersion tests under 250 v. The flexible 
thin, reinforced plastic laminates have em 
bedded electric heater elements. Thinner 
laminates can be wrapped around 4-in.-dia 
mandrel without damag« This permits 
haping to fit spaces requiring fairly abrupt 
hanges i urvature. Sheets are availabl 
in sizes to 36 x 48 in. and in thicknesses 
f 0.020 in. and up. Riverside Plastics 
Div, Bischoff Chemical Corp, 220 Miller 
Rd, Hicksville, NY. 

Circle 327 on Reader Service Card 


Rotary multipole switch . . . The job is too big for a bellows, one man said . . . and 
is nonshorting, detent-action switch for another job was too small for a bellows. 
panel or base mounting and furnished in “But let’s not be too quick,” suggested the project engi- 
from 1 to 25 sections. Can be rotated neer in each case, as he pulled out his Robertshaw folder. 
10° in either direction or movement may In both instances we worked closely with the engineer, 
limited to any number of eight bringing along the most extensive know-how in bellows manu- 
tions by proper positioning of two s facturing. (After all, we invented the original Sylphon® seam- 
screws. Rated for 15 amy > V less bellows! ) 
and in ex f 5 amy 240 1 I Solved both problems . . . proving again there’s no job 
at 125 v de. Said to be capabk too large or too small for a bellows application. 
standing 1200-v dielectric surg itch We're now producing bellows of stainless steel, beryllium 
is designed for min life of 40,000 cycles copper, bronze, monel, inconel, inconel-X and other metals, 
Standard Electric Products Co, 2240 E 3rd depending on physical characteristics desired. 
St, Dayton, Ohio. Every Robertshaw bellows is designed for a specific ap- 
Circle 328 on Reader Service Card plication which it performs admirably, tirelessly, eco- 
nomically. 
Why not let us show how Robertshaw bellows can 
Rugged, compact solenoid . . . answer your problem of flexibility, expansion, linkage or con- 
sateteeiie Qiclened ter suiniie we moet trol? Just ask for Catalog PP-R. Fulton Sylphon Division, 
requirements of MIL-E-5272 for act Robertshaw-Fulton Controls Co., Knoxville 1, Tenn. 


2 for I 
nautical juipment environmental tests 
Has built-in SPST, normally open switch 
with load resistance of 2 amp at 115 v 
ac, Ol p Operates n cycle of one 
stroke of | min. duration at 5 min. inter 

] 135 v de. Operating temperature 
ranges from 65 to 160 F. Contact r 
sistance is max of 9.10 ohm energized 
Insulation resistance is min of 100 meg at Be 
1500 v dc. Loads are externally applied , MR. CONTROLS 
at end of armature. Solenoid is 1.2 in : 


continued on page 85 


PRODUCT ENGINEERING + AUGUST 15, 1960 CIRCLE 83 ON READER SERVICE CARD 83 





POWDER METALLURGY 


> + 


ENGINEERING MANUAL 


PES IE 








Amplex (Oilite) is the largest and most 
experienced producer of powder metal parts, 
bearings, filters. Amplex engineering and 
development staff, the largest in the industry, 
is available to you at any time for consulta- 


tion on powder metal applications. 


problem-solving 
money-saving 


Setko Catalog 23 


@ INCLUDES NEW SELF-LOCKING 
SET SCREW SELECTOR CHART 


LATEST STYLES OF SOCKET 
SCREWS INCLUDING: BUTTON HEADS, 
FLAT HEADS, SHOULDER SCREWS, DOWEL PINS. 


COMPLETE INFORMATION ON THE 

COST-CUTTING SETKO HOPPER FEED METHOD 

OF INSERTING SET SCREWS. 
Lists all standard set screws and socket screw 
products... plus many special types designed for 
unusual conditions of vibration; close precision set- 
ting, resistance to tampering, etc. Describes many 
specific ways in which Setko Set and Socket Screw 
products cut costs and improve product quality 


Partial Contents of New Sethe Catalog 23: 
* Hopper-Fed Headless Set * Point-Lok, Flush-Lok, 
Screws, with New Auto- Spred-Lok 
mated Feed System Isothermal Heat-Treated 
Self-Tapping Set Screw Set Screws 
Standard Hexagon Socket Stainless Steel Set Screws, 
Zip-Grp Self-Locking® Cap Screws, Button Heads, 
* Nu-Cup Set Screws Flat Heads, Shoulder 
Self-Locking Offset Screws, Dowel Pins and 
*Indicates Setko Set Screw *’Firsts"’! Pipe Plugs 


ene send for FREE catalog 23 today! 


terhead —or write 
me and address in 
& h4tg. Co. 
153 Main Street, Bartlett, illinois (Chicago Suburb) 


tear out ad and mail 
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eateres Reaviving Bachiatng 
— — enna 
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HOW TO determine the cor- 
rect applications for self-lubri- 
cating bearings and powder 
metal parts. Bearing section 
includes: design features, com- 
putation of loads and speeds, 
calculating nominal dimensions, 
examples of designing for both 
new and existing applications 
—plus stock list of 1050 stand- 
ard Ojilite bearings. Powder 
metal parts section includes: 
typical properties, materials 
selection guide, design fea- 
tures, magnetic properties, 
information request form. 


56 PAGES PACKED WITH 
TECHNICAL INFORMATION 


AMPLEX 


DIVISION OF 


——— 
—~> 





SEND 
TODAY 
FOR YOUR 
COPY 


CHRYSLER 

CORPORATION 

DETROIT 31, MICH. 
CIRCLE 209 ON READER SERVICE CARD 








Get the greatest benefit 
from Product Engineering 


by having your own sub- 


scription. 


Each week you can then read the 
articles and advertisements at your 
convenience—and set up your own 
information file. Use subscription 
card in back of this issue or write 
direct fo: 


Circulation Manager 


Product Engineering 
23rd Floor 

330 W. 42nd St. 
New York 36, N.Y. 
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long and weighs 2.5 oz. Min stroke ts 
0.078 in. Elgin Micronics, 21001 Nord 
hoff St, Chatsworth, Calif. 


Circle 329 on Reader Service Card 


Recycling controller . . 
gives usel yption of thi iff 
ment on 
switching 
switching. Unit 
hesitation between 
trically operated unit 
counts per mu 
cycle from | 
by turning single knob dial 
on standard 115v, 60-cps current. Counter 
and Control Corp, 4503 W Brown Deer 
Rd, Milwaukee 23. 


Circle 330 on Reader Service Card 





Cap screws with shorter heads | 


have high-torque recess that 


tal for given necessary driving torg 


ha | ® DRAFTSMEN CAN 
Scotia are said to torque higher distribut STRAIGHTEN UP AND DO 


load over wider bearing surfaces, provid 


nore wrenching power and clamping fo BETTER, FASTER WORK! 


without indenting fastened material, up 





400 Ib, for example, with standard 4-25 
alloy cap screws. Aer-O-Line Mfg & Sup 
ply Co, 3110 Winona Ave, Burbank, Calif. 

Circle 331 on Reader Service Card 


Bruning’s all-new Neoglide drafter literally puts draftsmen in a 
position to do better, faster work.* It provides complete maneuver- 
ability on any board at any angle without adjustment! Reinforced 
U-Beam construction offers amazing rigidity, strength, and accuracy. 
Fast-response checkvalve . . Yet resistance-free movement of the counterweight and vertical 
for use with hydraulic fluids, inert gases, | beam provide free-and-easy “floating” action. Touch-control protrac- 
hydrogen peroxide and other fluids has | tor head gives automatic, pin-point angle selection. Mail coupon 
standard operating pressure of 5UUU psig Fie self j +s _— ; and . ith 
with high-pressure version of 4500 psig now to put yourself in a position to save time and money wit 

£ 8) Ss ; F + . ' 
All models operate at —65 to 160 F. Seats | @llmew Neoglide! 
ire Viton A, Buna-N or nylon, depending 
upon line fluid. Male ports per AND * Study of 300 draftsmen showed Charles Bruning Co., Inc. Dept. 8-Vv 
10056-4 are for connection with } in. tub 35% savings on drawing time — 1800 Central Rd., Mt. Prospect, Ill. 

Ao 1/5 the backaches — on vertical! ; 7 

ing or hose. Over-all length is 2.280 in or near vertical boards Offices in principal U.S. Cities 
and diameter is 0.812 in. Weighs 1.2 oz In Canada: 103 Church St., Toronto 1, Ont 
Marotta Valve Corp, Boonton, NJ Please send me more information about your all-new 

“aaa , Sate% Neoglide drafters 

Circle 332 on Reader Service Card — 


(BRUNING ) |" 


Company 














Multipole plug-in relays . . . 
with high-heat polystrene covers are avail Address 
able in DPDT and 3PDT units featuring 


continued on p 8&8 
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for) | 
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»\ seven years 
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WHICH JOB WOULD YOU TAKE? 


If you’re like most of us, you’d take the 
job with the more tempting salary and 
the brighter future. 

Many college teachers are faced with 
this kind of decision year after year. In 
fact, many of them are virtually bom- 
barded with tempting offers from busi- 
ness and industry. And each year many 
of them, dedicated but discouraged, leave 
the campus for jobs that pay fair, com- 
petitive salaries. 

Can you blame them? 

These men are not opportunists. Most 
of them would do anything in their power 
to continue to teach. But with families 
to feed and clothe and educate, they just 
can’t make a go of it. They are virtually 


forced into better paying fields. 

In the face of this growing teacher 
shortage, college applications are ex- 
pected to double within ten years. 

At the rate we are going, we will soon 
have a very real crisis on our hands. 

We must reverse this disastrous trend. 
You can help. Support the college of your 
choice today. Help it to expand its facili- 
ties and to pay teachers the salaries they 
deserve. Our whole future as a nation 
may depend on it. 


It's important for you to know more about what 
the impending college crisis means to you. Write 
for a free booklet to: HIGHER EDUCATION, 
Box 36, Times Square Station, New York 36, N.Y. 


\! 


, 


in co-operation with the Council for Financial Aid to Education 
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’ , < MIGHER EDUCATION 
Sponsored as a public service, - 
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! ypcrating power 
as 25 per pole, de operation 
Contacts are rat mp, 28 v dk 
v ac. Coil resistan ip to 20,000 ohm 
ire available. Five standard coils are of 
fered from stock with coils ranging from 
500 to 10,000 ohm, both for DPDT and 
3PDT units th operating power of 100 
| 


nilliw per pole. Prices for quantities of l 


to 10 range from $¢ through $8.2 
Sizes are 12 in. sq x 2 in. high. Kurman 
Flectric Co, 191 Newel St, Brooklyn 22, 
NY 


Circle 333 on Reader Service Card 


Heavy-duty overtravel 
switch .. . 


offers 20-amp rating 
. . 


nergy vO 
s SPDT with 
gaps. Availabl 
mtrol. Plunger 
ling vitch 
I are available 
lb; standard force 
inting, but stand 
illow side or gang 
Licon Div, Illinois 
lool Works, 6606 W Dakin St, Chicago 
34. 


mounting n rcew 


Circle 334 on Reader Service Card 


Printed circuit connectors. . 


vith bervl j 


pper contacts have dua 

bifurcated contacts for 

it board or tape cabl 

18, 22, 28, 43, 48 

or equiva 

terminals) and 

stvl A 2) 

ont 1 tor in be suppli d 

gle dip-solder pins on all ter 

minals Electronics Div, DeJur-Amsco 

Corp, 45-01 Northern Blvd, Long Island 
City 1, NY 
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High-rotor-impedance 

servometer ... 

is 400-cps unit 1 ported hav 

torque-to-inertia ratro Has min no-l 

speed of 6500 rpm Unit operates at 115 

with max power input of 5 Sw 

tion is 88,000 rad/s torque 

in.-oz; torque*/inertia is ll 

sec’. Weighs yz. Measures 14 in. dia x 

14 in. long. Ambient temperature rang 
67 230 F. Said to meet environmental 

military requirements Pric varies from 

$148 for 1 to 9 units to $114 for 100 or 

more. Delivery time, 3 to 5 mo. Kollsman 

Motor Corp, Dublin, Penna. 


Circle 336 on Reader Service Card 
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Adjustable Diameter and Open 
THOMSON 


Adjustable Diameter 
BALL BUSHING 


for Zero Clearance 


LINEAR MOTIONS 


, \ = er 
oe we. \ wr 
i | 


The BALL Bearing 
for all your 


Open BALL BUSHING 
for Zero Clearance on 
Supported Shafts 


Precision Series ““A’' and 


Low Cost Series ‘‘B’' BALL BUSHING 





Sliding linear motions are nearly always LOW FRICTION - ZERO SHAKE OR PLAY 

troublesome. Thousands of progressive 

engineers and designers have solved this ELIMINATE BINDING AND CHATTER 

problem by application of BALL BUSH- 

INGS on guide rods, reciprocating shafts, SOLVE SLIDING LUBRICATION PROBLEMS 

push-pull actions, or for support of any LONG LIFE + LASTING ALIGNMENT 

mechanism that is moved or shifted in a 

straight line. The various types cover a shaft diamet 
range of %" to 4”. Small sizes available 


Improve your product! Up-date your 
design and performance with Thomson in Stainless Steel. Write for literature and 
BALL BUSHINGS! 


name Of our representative in vour cil 


THOMSON INDUSTRIES, Inc. 


Dept. H, MANHASSET, NEW YORK 


/ 


7 Also Manufacturers of NYLINED Bearings... Sleeve Bearings 
of DuPont Nylon, and 60 CASE... Hardened and Ground Steel Shafting 








No. 16 of a series 


Eastman 910 Adhesive 
solves another 
production bottleneck 


The A. W. Haydon Company, Water- 
bury, Connecticut, makes a newly-de- 
signed timing device for automatic 
telephone switchboards. 

The nylon timer gears and associ- 
ated cams had to be molded separately 
due to their complex shape, then joined 
on an assembly-line. 

Fast-setting, high-strength Eastman 
910 Adhesive proved to be the eco- 
nomical, easy-to-use means of bonding 
these nylon parts 

In assembly, the gear and cam are 
held in a simple jig and a drop of adhe- 
sive is applied. The mating surfaces are 
brought together and held for a few 
moments. Within 10 seconds a strong 
bond is formed, and the part is as- 
sembled into the timer. 

Eastman 910 Adhesive is making 
possible faster, more economical as- 
sembly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting is 
important, or where design require- 
ments involve joining small surfaces, 
complex mechanical fasteners or heat- 
sensitive elements. 

Eastman 910 Adhesive is used as it 
comes. No mixing, no heating. Simply 
spread the adhesive into a thin film 
between two surfaces. Light manual 
pressure triggers setting. With most 
materials, strong bonds are made with- 
in minutes 

What production or design problem 
can this unique adhesive solve for you? 


Bonds Almost Instantly 
with Contact Pressure 
No Heat... 

No Catalyst... 


For a trial quantity (“%-oz.) send five 
dollars to Armstrong Cork Co., Industrial 
9108 Irvin Street, Lan 
or to Eastman Chemical 
Chemicals Div 
Kingsport, Tenn. (Not for drug use) 
Sweet's 1960 Prod. Des. File, 7/E 


Adhesives Div 
caster, Pa 
Products, Inc 


Dept. P-8, 


Fundamentals of 

Transistor Physics 

IRVING GOTTLIEB. John F Rider Publisher 
Inc, 116 W 14th St, New York 11. 5 x 8'/, 
152 pp. $3.90. 

A thorough analysis of the action of 
semiconductors from the physics view 
point is given in stages, beginning with 
the theoretical aspects and culminat 
ing in the practical transistor and its 
fundamental circuit. Transistor circuit 
operations are dealt with only as they 
amplify the theory. Author presents 
analogues to similar fundamental vac 
uum-tube circuits. Related 
ductor devices such as the double-base 
or tetrode transistor, the double-bas« 
diode, the unipolar field-contro] tran 
sistor, and the silicon controlled rec 
tifier are covered in a separate chapter 
Discussed are recent developments in 
four-layer diode, bilateral transistor, 
Zener diode, semiconductor variable 
capacitor, junction photodiode, solar 
generator, phototransistor, and tunnel 
diode. 


semicon 


Information Processing 
Proceedings of First International Conference 
on Information Processing. Unesco Publications 
Center, 801 Third Ave, New York 22. 834 x 
11%, 520 pp. $25. 

This is the proceedings of a. confer 
ence that was nearly two years in pre 
paration. Some 2000 electronic com 
puter experts from 39 countries met 
in Paris in June 1959 to give a com 
plete picture of the current state of 
research in the field of information 
processing. The conference covered 
the following major topics: methods of 
digital computing; common symbolic 
language for computers; automatic 
translation of languages; pattern rec- 
ognition and machine learning; logical 
design of computers; future computer 
techniques. 


Mechanism 
FAIRES and KEOWN. McGraw-Hill Book Co 
Inc, 330 W 42nd St, New York 36. 6 x 9, 
332 pp. $7.50 

This fifth edition of an established 
classic for mechanical engineering 
details and explains the 
numerous technical developments and 
advancements in the field since 1939 
A working text, it. offers a practical 
treatment of the more common engi- 


students 


neering problems on motion 


Certain topics are selected for in 
the principle of 
jerk as applied to cams; cycloidal mo 


tensive discussion 
tions; improved cam design; methods 
of computing the pressure angle in 
cams; Geneva mechanism design; uni 
versal joints; and several areas of gear 


design. 


Combinations of Shear, 
Compressive-thermal, and 
Compressive-load Stresses 


ZENDER and HALL, (Technical Report D-384) 
National Aeronautics & Space Administration, 
1520 H St NW, Washington 25, DC. 8 x 10 
26 pp. 75¢ 


\ semiempirical method of evaluat 
ing the onset of permanent buckles 
in plates in the presence of combina- 
tions of shear, thermal-compressive, 
and compressive-load stresses is given 
It is shown that the shear and com 
pressive stresses required for the onset 
of permanent buckles may be approxi 
mated by a parabolic interaction curve 
Ihermal stresses are included by treat 
ing the compressive stress as being 
composed of a thermal component and 
i load component and employing the 
ippropriate materia! properties at the 
elevated temperature. 

Results show that the compressive 
load stress which a plate can support 
it the onset of buckles 
thermal-compressive 
stresses and by shear stresses. 


permanent 
reduced by 


Other Books of Interest 


How to Write, Speak and Think 
More Effectively 

R Flesch. Harper & Brothers Inc, 49 E 33rd 
St, New York. 534 x 834, 362 pp. $4.95 


Aerothermodynamics and Flow in 

Turbomachines 

M H Vavra. John Wiley & Sons Inc, 440 Fourth 

Ave, New York 16. 6 x 91%, 609 pp. $14.50 
Discusses flow phenomena. 


The Craft of Technical Writing 


D Marder, Macmillan Co, 60 Fifth Ave, NY 
11. 5¥2 x 8Y2, 400 pp. $5. 


Discusses the principles of good writing to 
the problems of the technical and scientific 
writing of proposals, reports, memos, letters 
oral reports, articles. 


Cast Bronze Bearing-design 
Manual 

H C Rippel. Cast Bronze Bearing Institute Inc, 
1604 Chicago Ave, Evanston, Ill. 814 x 141% 
72 pp. $2 


continued on page 90 
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University surveys indicate: 


STARTING SALARIES 
OF ENGINEERS 
ARE DECEPTIVELY HIGH 


By James M. Jenks 


WO SEPARATE STupIES Of the salaries made by college 
‘T graduates appear to contradict the commonly held 
belief that engineers today make out better financially 
than their classmates who major in non-technical 
subjects. 

Both surveys were conducted by large universities 
The first polled graduate engineers; the second, com- 
And both resulted in identical find- 
ings! That is, the average engineer today — despite a 


pany executives. 


deceptively high starting salary—climbs fast but not far. 

The need for technically tre 1ined men in recent years 
has exceeded the supply to such an extent that com- 
panies have been forced to bid for their services—to 
actually set-up “recruiting” offices on college campuses 
all over the country. Thus, starting salaries have gone 
up and up. But the income ceiling for these technically- 
trained men is lower than that for managerial personnel. 

Despite the substantial head start engineers have, the 
differential in money earned over a ten-year period 
averages out at $7,000 more for the management man. 

And from the tenth year on, the administrator’s salary 
obviously outstrips that of the engineer by a wider and 
wider margin. 

This, of course, is not to say that engineering students 
would be wise to shift to the study of business adminis- 
tration —or that working engineers face a bleak future. 
Quite to the contrary, the continuing growth of tech- 
nology means that men with technical backgrounds are 
as ideally qualified for the highest rewards industry has 
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to offer—if they also have a knowledge of the under- 
lying principles of business. 


FREE ...“FORGING AHEAD IN BUSINESS” 


If you want to avoid the thorny barriers to success 
if you're ambitious, determined to move up fast —send 
today for the Institute’s 48- page descriptive booklet 
“Forging Ahead in Business”. 

It explains what a man must know today to make 
$15,000 or more a year .. 


late this knowledge. It tells why men of equal ability 


. what he must do to accumu- 


tare so differently in the race for better jobs and bigger 
salaries. It analyzes the causes of failure . . . the reasons 
for success. And it outlines an executive-training pro 
gram which is so complete and so scientific that each 
day subscribers are brought a little closer to a mastery 
of business procedures. 

There's no charge for “Forging Ahead in Business.” 
And no obligation . .. other than the obligation to read 
it thoughtfully, and decide for yourself whether the 
training it describes is meant for you. To obtain your 
complimentary copy, simply fill out and return the 
coupen. It will be mailed to you promptly. 

ALEXANDER HAMILTON INSTITUTE 


71 West 23rd Street, New York 10, New York 


ALEXANDER HAMILTON INSTITUTE 
Dept. 250, 71 West 23rd Street 

New York 10, New York 

In Canada: 57 Bloor St., W., Toronto, Ontario 


Please mail me, without cost or 
“Forging Ahead in Business 


obligation, y 


Name. 

Firm Name 
Business Address 
Position 


Home Address 





SMALL 
D-C 
MOTORS 


: 1/100 TO1HP 
Speeds: 860, 1140, 1725, 3450 rpm. 
Voltages: 32, 115, 230 volts. 


Windings: compound, shunt, and series. 


Enclosures: for foot- or end-mounting; open, totally 
enclosed, explosion-proof, severe-duty, marine 
waterproof, Navy spraytight. 


Bearings: Ball or sleeve. 
Special ratings and speeds also available. 


Features: Long life, high efficiency, quiet operation 
because of close tolerances, dynamic balancing, and 
spirally stacked punchings. 


Write to Section 634-21, Schenectady, N. Y 


ELECTRIC 


FREE 


BULLETIN 


~ 


GENERAL (& 


THAT'S OUR “CUP-OF-TEA” AT STONER! We take the tough jobs other companies 
won't do or can't do! Our team of Rubber Chemists and Production Engineers 
like the challenge of helping you solve your problems 
Maybe you have a close tolerance job; barrier problem; 
bonding problem, etc. We invite your blueprints for 
quotation or recommendation. 


TONER RUBBER COMPANY, INC. 


10792 Knott Ave., Anaheim, California 


Write for our 
new 24 page 
ite 1 catalog 


A subsidiary of CARLISLE CORPORATION 


SEATTLE | S. Barlow 
Northwest Plostics 
1220 Eost Cherry 


PHOENIX DALLAS Lt. M. Horris 
H P.O. Box 5936 


4328 North 42nd Place Termine! Annex Bidg 
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DESIGN LITERATURE 


continued 


Metal Statistics, 1960 


American Metal Market, 18 Cliff St, New York 
38. 48 x 6%, 830 pp. $3.50. 


Annual statistical yearbook on ferrous and 
nonferrous metals and alloys. 
Effective Report Writing 


N Sigband. Harper & Brothers, 49 E 33 St, 
New York 16. 52 « 8Y2, 688 pp. $6.75 


Discusses report writing on various subjects 
including engineering—for business, industry 
and government. 

Bibliography of Physical 
Equilibria and Related Properties 
of Some Cryogenic Systems 

T M Flynn. Office of Technical Services, Dept 
of Commerce, Washington, DC. 8 x 10/2, 123 
pp. $1.75 

Aerospace Facts and Figures 


American Aviation Publications Inc, 1001 Ver 
mont Ave NW, Washington 5, DC. 53% x 8%, 
143 pp. $2 


Annuol summary of figures on production, 
soles and other matters in aircraft and missile 
industry 


Proceedings, Volume 59, 1959 
American Society for Testing Materials, 1916 
Race St, Philadelphic 3. 6 x 91%, 1413 pp 
$12, nonmembers; $8, members. 

Small Arms and Ammunition in 
the US Service, 1776-1865 


BR Lewis. Smithsonian Institution, Washington 
25, DC. 6% x 92, 338 pp, 52 plates. $8 


ABSTRACTS 
FROM THE LITERATURE 


Friction in Clutch Materials 
Influence of fluids, fluid oxidation, 
additives, and clutch-plate materials 
was investigated to determine causes 
of friction and its effects in automatic 
transmissions, 
Friction of Transmission Clutch Materials as 
Affected by Fluids, Additives and Oxidation,’ 
Rodgers and Haviland, General Motors Re- 
search Laboratories. SAE paper 194A. Society 


of Automotive Engineers, 485 Lexington Ave, 
New York 17. 


Fluid-power Glossary 
Components of pneumatic and 
hvdraulic systems are listed and their 
function, applications and JIC symbols 
given 
it's The Component Thot Counts,” A Liley, 
Bellows-Valvair Ltd. Design Engineering, July 
60, 481 University Ave, Toronto 2, Canada 


Stresses in Cylindrical 
and Spherical Shells 

Stresses created by attachment of 
fittings and other 
cylindrical and spherical shells such as 


components to 


pressure vessels were studied in a 
series of tests designed to check 
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measured values against theoretical 
calculations. Such localized loadings 
impose radial forces or longitudinal or 
circumferential moments 

“Stresses and Deflections Due to Local Load- 
ings on Cylindrical Shells,” Bijlaord and 


Cranch, Cornell University. Welding Journal, 
July ‘60, 33 W 39th St, New York 18 


Gear-noise Reduction 

Stresses importance of designing 
gear teeth and other elements for 
minimum noise, as an alternative to 
concentrating on altering mass-rat« 
damping properties of environment 
Separate sections discuss design factors 
having bearing on noise sensitivity of 
gear train and makes recommenda 
tions for improving design. Factors 
discussed include: tooth-contact fre 
quency, contact ratio, pitch, pressure 
angle, helix angle, angles of recess and 
approach, pinion spacing, mounting 
or supporting structure, tolerances 
Gear Design for Noise Reduction,” William 
D. Route, Chevrolet Engineering Center. SAE 


poper 208E. Society of Automotive Engineers, 
Inc, 485 Lexington Ave, New York 17 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described b BALLS UNLIMI . ED 
low, circle corresponding number or vat 


card inside back cover 


CHAINS AND SPROCKETS—Catal We make precision balls of ALL MATERIALS 


999, 168 pp. Describes characteristics and 


i i including special 
performance of 14 popular types of chains from plastics to carbides, cluding sp 


classes s, attacl ts is i 
Hub classes, sprockets, attachments, drive alloys — ALL SIZES, standard and special, 
hain information and specification of 
chain and sprocket wheels are also covered 


” ” =—_ j erimental 
Jeffrey Mfg Co, Columbus 16, Ohio from .005” to 24" or larger aaa 


og 


Circle 350 on Reader Service Card or mass-production quantities — to .000010” 


CEES OF CASES COMPORTEONS tolerance if desired, depending on size and 
Booklet B-666, 24 pp. Presents applica 


tions in 25 industries, including records material. Many are available from stock. a We 
of wear resistance, high resistance to im 
pact, deformation, corrosion and oxidation 


Kennametal Inc, Latrobe, Penna 


Circle 351 on Reader Service Card 


also make bails with stems, flats, slots, 


grooves, tapped holes, counterbores, and 
ALLOYS—Data sheets, about 16 pp. Pre 


sents information on alloys for abrasion, 


impact, corrosion and heat resistant appli — hollow and plated balls. @ What can 


ations. Each sheet covers a single alloy, 

including available forms, physical propet we make for YOU? 

ties and nominal chemical composition, 

typical applications and recommended fin 

ishing procedures. Coast Metals Inc, Red 

neck Ave, Little Ferry, NJ uses of STOCK BALLS of 8 materials. Write for it! 
Circle 352 on Reader Service Card 


WEIGHT CALCULATOR FOR STRIP INDUSTRIAL TECTONICS, Inc. 


STEELS-—Slide-rule calculator, about 8 x 3 i] MANUFACTURERS OF PRECISION BALLS AND BEARINGS 
in, wide and ¢ in. thick. Markings are in 3692 JACKSON RD., ANN ARBOR, MICH. 


metric and American in.-lb system for 


other secondary operations — ball segments 


BULLETIN BU-1 gives details; lists properties and 


continued on page 92 BEARING DIVISION PLANT: COMPTON, CALIFORNIA 
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ULTRASONICS 


Just Published—Second Edition. Covers 
the design epair, and construction of 
iltrasonic ¢« quipr nent. Includes special 
per) mental results of many details 
ipment plus advances in cleaning 

ur a degreasing, soldering, plating, and 
ther*"operations. Also covers advances 

n design « transducers and genera 
tors, and presents modern material on 
testing ultrasonic equipment of all 
types By Benson Carlin, formerly 
Product Research Supv., Sperry Prod- 
ucts. tnd Ed., 320 pp., 263 illus., $11.50 


SELF-SATURATING 
MAGNETIC AMPLIFIERS 


Just Published. A pré actical guide « 
ng basic theory, operating princ 
lesign techniques and appli ations < 
amplifiers employing self 
akes you from underlying 
circuit laws and magne 
tisn through the mechanics of self 
saturating magnetic amplifiers—to a 
l method for design from specifi 
roblem to finished amplifier. By G. 
Lynn, T. Pula, J. Ringelmann, and F 
Timmel, Air Arm Div., Westinghouse 
Elec Cerp., Baltimore, Md, 232 pp., 
152 illus., $8.00 


magneth 
ituration 


rinciples of 


A MANUAL OF 
ENGINEERING DRAWING 


Suet Published—Ninth Edition. Covers 

y vital step in the field of engineer 

ing drawing—from how to hold the 

to a unique method of axo 

projection of orthographi 

clear discussions of 

calculation of 

of basic manufas 

the method of ex 

the use of symbols 

By T. French, for- 

merly The Ohie State Univ.; and C. 

Vierck, Univ. of Fla. 9th Ed. 744 pp., 
1543 illus., $12.00 


as the 


PRODUCT ENGINEERING 
DESIGN MANUAL 


you a ready-made design file 

hods, drawings, formulas, tables, 

rt practical aids for engi 

efficiency and reliability 

omponents, or complete 

a full range of prod- 

y topics from accessories 

» clutches, control de- 

\ l rical components, mechanical 

move nts ind others Edited by 

Dougls as C. Greenwood, Editor, Product 

I 0 Design Digest 342 pp., 
$10.00 


e 


over 1 100 ‘illus., 





McGraw-Hill Book Co., Dept. eee 
327 W. 41st St., New York 36, 


cked below for 10 day 

) days I will re 
for delivery costs 
(Ss) postpaid We pa 
with this coupon 


Uttrassales, $ ) 
nn 2 Sett- bientios Magnetic Ampli 
fiers, $8 
nch & V Manual of Eng. Drawing 
$ 


Design Manual 


For price and terms outside U.S 
write McGraw-Hill Int’l., N.Y.C 


| 

| 

| 

| 

| 

| 

| 

jo} 
| jreenwood——Product Eng 
| 

| 

| 

| 

| 
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DESIGN LITERATURE 


length, width, thickness and 
Uddehohn Co of America In 
44th St, New York 17 

Circle 353 on Reader Service Card 


weight 
BWG 
155 I 


ROTARY VACUUM AND PRESSURE 
PUMPS—Catalog 460, 32 pp and price 
list 1360, 16 pp 
trates 
rotary ait 


Describes and illus 
dimensions and specifications of 
features and 


Christic 


Covers 
ratings. Leiman Bros Inc, 102 
St, Newark 5, NJ. 

Circle 354 on Reader Service Card 


pumps 


MULTICONDUCTOR 
HOOK-UP WIRE—Catalog, 18 pp. Cov 
ers Teflon, TFE, Teflon FEP-100 and 


PVC hookup wire as well as specifications 


CABLE AND 


for round and ribbon cables and assem 
blies. Describes design and engineering 
capabilities of company. Times Wire & 
Cable Div, International Silver Co, Wall 
ingford, Conn. 


Circle 355 on Reader Service Card 


CYLINDER VALVES—Catalog GA, lI 
pp. Specihcations, design features and ap 
plication information for line of cylinder 
Chart on back cover present CGA 
connection specihcations for cylin 
der valves. Rego Div, Bastian-Blessing 
Co, 4201 W Peterson Ave, Chicago 4¢ 

Circle 356 on Reader Service Card 


valves 


outlet 


LOW-PRESSURE REUSABLE HOSE 
FITTINGS AND RAYON BRAID 
HOSE—Bulletin, 12 pp 


and specifications of reusable 


Contains sizes 
low pres 
sure hose couplings, adapters, hose assem 
Lenz Co, 3301 Klepinger Rd, Day 
Ohio 

Circle 357 on Reader Service Card 


blies 
ton 1, 


PLASTIC EXTRUSIONS—Bulletin 11! 
In addition to illustrating various 
bulletin shows typical 


12 pp 
types of extrusions, 
applications and points out advantages of 
plastic over other materials. Selection 
guide to thermoplastic compounds is in 
cluded. Jessall Plastics, Div of Electri 
Storage Battery Co, Kensington 4, Conn 


Circle 358 on Reader Service Card 


STAINLESS STEEL TUBING—Bro 
chure, 4 pp. Charts show size ranges, ana 
lyses and standard tolerances of tubing 
cutaway views of tubing and 
facilities Also outlines in 
formation about testing facilities. Colum 
bia Steel and Shafting Co, Pittsburgh 30 


Circle 359 on Reader Service Card 


Includes 
photos of 


FRANSDUCERS—Catalog 21, 4 pp 
Briefly illustrates and notes available trans 
ducers and their respective ranges. Also 
covers control systems. Crescent Engi 
neering & Research Co, 5440 N Peck Rd, 
E] Monte, Calif 

Circle 360 on Reader Service Card 





The Maharajah 
of Mygosh, 

one of the 
world’s 
wealthiest men, 
reads 

while riding 

an elephant. 


“It gives my brain a real 

og,” he says. But elephants 
are expensive, and eat a lot. 
Besides, all that your engi- 
neers and managers really 
need, to do more business 
reading, is an encouraging 
word from you. Remember, 
a good place to read is a good 
place to think. .. and if you 
pay engineers and managers 
to think, encourage them to 
do more reading. Like so 
many successful men who 
read their “most useful” 
McGraw - Hill publications, 
they'll find the best place... 
home or plant, office or ham- 
mock. But wherever they 
read, remember, you share 
in the rewards.* 





*Yes, when they read, 
you profit, toe, 
Write on your business 
letterhead for a personal 
copy of booklet, 
“The McGraw-Hill Engineered 
Reading Program,” 
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EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 


The advertising rate is $37.00. effective 
January, 1960 per inch for all advertising 
appearing on other than ontract basis 


Frequency rates quoted on request 


UNDISPLAYED RATE 
$2.10 per line 


Wanted ads in this style % the above 


minimum 3 lines. Position 


rate. To figure advanced payment count 6 


average words to a line 











ENGINEERING MANAGER 
$12-15,000 


REQUIREMENTS: Creative, brilliant engineer 
Scholastic and performance record must 
evidence top flight mental equipment 

EXPERIENCE: 5 years on drawing board 
product design and machir 
design 

EDUCATION: ME or IE 

COMPANY Smal highly profitable orr 
pany, largest in its industry, engaged 
in manufacture of durable prestige 
consumer products. Good location 

OPPORTUNITY: Advancement to VP and par 
ticipation in stock 


€ and process 


Reply in confidence stating educatior 
experience and earning 


P-4904, Pr 
ass. Adv. Div 











MANAGER PRODUCT DESIGN $13,000 
Our client, a well-known company manufacturing 
electrical measuring devices and test equipment 
desires promotable type engineer to head up new 
roup He should have engineering degree and 
ve years of product engineering experience. Com 
pany olient assumes all employment expenses 


ESQUIRE PERSONNEL SERVICE 
202 South State St., Chicago 4, Illinois 








To EMPLOYERS 
Who Advertise 
for MEN: 


Frequently, when there are many ap- 
plicarts for a position, only the most 
promising letters are acknowledged 
The other applicants never know 
whether their letters reached a pros- 
pective employer or not These men 
often become discouraged, will not 
respond to future advertisements and 
even question their bona fide character 

Every Advertisement Printed in the 

Employment Section Is Duly Author 
ized. 
You can help keep our readers inter- 
ested and get better returns to your 
advertising in this section if you ac- 
knowledge each reply in plain en- 
velopes, if you wish. 


Classified Advertising Division 
McGRAW-HILL PUBLISHING CO., INC. 


“Put Yourself in bis place.” 
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RECHARGEABLE SILVER-ZINC BAT 
TERIES—Brochure, 10 pp. Physical, elec 
trical and typical application characteris 
tics of high-rate and low-rate batteries 
Also contains scale cell drawings and 
photos of battery applications. Yardney 
Electric Corp, 40-50 Leonard St, New 
York 13 

Circle 361 on Reader Service Card 


DYNAMIC-STORAGE ANALOG COM- 
PUTER —Technical report, 16 pp. De 
tails mathematical applications of com 
puter, which innovates automatic repeti 
tive operation at 60 cps and high-speed 
memory with tracking error of less than 
1 microsec.. Computer Systems Inc, Cul 
ver Rd, Monmouth Junction, NJ 

Circle 362 on Reader Service Card 


TEFLON SHAPES—Bulletin A-61, 8 pp 
Describes fabrication and control of vari 
ous Teflon shapes. Includes dimensional 
drawings, diagrams and photos. Covers 
specific applications. John L Dore Co 
5406 Sc huler, PO Box 7772, Houston 
lex 


Circle 363 on Reader Service Card 


PHOTODRAWINGS—Bulletin B-10M3 
4 pp Describes graphics concept in which 
photography and line drawing are com 
bined to produce assembly drawings, in 
struction manual illustrations, design m« 
difications and maintenance instructions 
Photodrawing Group, LogEtronics h 
500 E Monroe Ave, Alexandria, Va 


Circle 364 on Reader Service Card 


RECIPROCATING PUMPS—Data sheet 
100, 4 pp. Includes designs and material 
specifications, dimension tables and pump 
selection chart for line of 25 to 2400 hp 
direct-flow pumps Aldrich 
30 Pine St, Allentown, Penna 


Circle 365 on Reader Service Card 


Pump Co 


BRONZE VALVES—Catalog 60, 8 pp 
Covers line of bronze valves with descrip 
tions, dimension charts, diagrams and 
roughing-in information for layout plan 
ning and fixture specification and ordet 
ing. American Valve Mfg Co, 22 Bay 
view Ave, Manhasset, NY 


Circle 366 on Reader Service Card 


TEFLON TFE and FEP-100—Bulletin, 
4 pp. Properties are listed and applications 
and plant facilities are illustrated. Indus 
trial Plastics & Equipment Co Inc, 477-54 
Main St, Orange, NJ 

Circle 367 on Reader Service Card 


GYRO-INTEGRATING MASS FLOW 
METER—Bulletin GEZ-3025, 2 pp. In 
cludes ratings and typical applications, as 
well as discussion of benefits of converting 
from volumetric to mass flow measurement 
in various industrial applications 
Electric Co, Schenectady 5 
Circle 368 on Reader Service Card 


General 


ANGLgear’® 
solves multiple 
indexing problem 





\ f ~ Reon, 


eee POLISHING 


€54 











Eight standard model R-350 3-way ANGI gear 
units are driven by a single motor to transmit 
power at 90° to indexing heads directly above 
them and rotate those heads at a constant 60 rpm 


Eight indexing rotors must revolve 
at exactiv the same speed to ac- 
urately position polishing heads 
on bumper polishing machines 
made by the Murray Way Cor- 
Birmingham, Mich 
ANGLgear makes sure that the 


positioning process takes 


poration ol 


place 
with complete synchronization 
and reliability—its superior con- 
macklash, no 


struction allows no 


Iree motior 


Other ANG La ur 
particularly 


features that 
appealed to the de- 
signer were low-cost solution to 
the design problem, efficiency, 
compact design, ease of installa- 
tion through ANGLgear’s univer- 
sal mounting feature, 
for-life lubrication 


And s¢ aled- 


ANGLgear can help simplify 
design problems and reduce costs 
wherever 90" power take-olf or 


constant speed is in volved.* 


You can specify ANGLgear in 

1, 244 and 5 hp ratings with 1:1 
or 2:1 gearing and 2- or 3-way 
shafting 

See our catalog in Sweet's Product 
Design File or con- 

tact your local dis- 

tributor. 


*Design templates 
free on request. 


Engineered Equipment for Aircraft and Industry 


AIRBORNE ACCESSORIES 
CORPORATION 
1414 Chestnut Avenue 
HILLSIDE 5, NEW JERSEY 


CIRCLE 93 ON READER SERVICE CARD 93 





How To Get Things Done 
Better and Faster 


wan ow 
ogo 
so pits Se an 
ee 
usgagecnaa@e es. 
faae Be BOS SLAG TTS 


? 


WONG NL 


BOARDMASTER VISUAL CONTROL 


Gives Graphic Picture—Saves Time, Saves 
Money, Prevents Errors 

Simple to operate—Type or Write on 
Cards, Snap in Grooves 
Ideal for Production, 
Scheduling, Sales, Etc 
Made of Metal Compact and Attractive 
Over 500,000 in Use 


Full price $4,950 with cards 
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[FREE 


Write for Your Copy Today 
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Yanceyville, North Carolina 
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} 11% 22's 30%” 364” 42\4 


= ? 
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25CD 2530 2536 

$9.00 $11.80 $12.80 

Shipping Weight 
Model 49 8 Ibs. 12 Ibs. 15 Ibs. 18 Ibs 


Model 25 6 Ibs. 10 Ibs. 13 Ibs. 15 Ibs 
ENAMELED MED. GRAY 








Designed to 
Mount Under 
Boord—Mount- 
ing Brackets 
Sold in Sets Only— Furnished 
2 IR36 Per Set 8 Ibs. 
* SOLD DIRECT ONLY Write to Dept. BP 
F.0.B. St. Clair Shores, Mich. « PRescott 3-2515 


ROLL & FILE SYSTEMS, INC, °°. 80% 38638 


DETROIT 5, MICH 
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BOARDMASTER VISUAL CONTROL 


Gives Graphic Picture—Saves Time, Saves 
Money, Prevents Errors 

Simple to operate—Type or Write on 
Cards, Snap in Grooves 
Ideal for Production, 
Scheduling, Sales, Etc 
Made of Metal Compact and Attractive 
Over 500,000 in Use 


Full price $4950 with cards 
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TRACINGS 
PRINTS * SHEET MATERIAL 


QUICK, FILING AND WITHDRAWAL 
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Depth [11%" 22%" 30%” 36%” 42%” 
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49 Tube| 49AB 49CD 4930 4936 
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MODEL 7 
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Shipping Weight 
Model 49 8 Ibs. 12 Ibs. 15 Ibs. 18 Ibs 
Model 25 6 Ibs. 10 Ibs. 13 Ibs. 15 Ibs 
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Board—Mount- 
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Sold in Sets Only— Furnished 
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How to let one part do the job of twelve 


Firestone Airmount® simplifies 
shock isolation, increases 
efficiency in vibrating equipment 


The Jeffrey Manufacturing Co., Columbus, Ohio, makes a 
line of mechanical vibrating conveyors, coolers and dryers. 
Steel coil springs were the accepted answer for isolating 
this vibration; although they had to be specially designed 
for each new application. There were over 12 different 
spring sizes in use at a given time. Then along came 
Firestone Airmount with this money-saving solution: A 
Airmount would fit 95% of their equipment! 
Further, they proved to have an isolation efficiency of 95 
to nearly 100% and provided a neater appearing, lower 
cost installation. Firestone Airmount can work for you just 
as effectively. It can extend your machinery’s useful life. 
It can sharply reduce maintenance and repairs. And it can 
supply actuating force to a product or reduce damaging 
vibration. Whatever your shock isolation or actuation 
problem, write today (Dept. 41-3) for a low-cost, long- 
term solution with Firestone Airmount. 


single 


Siz 


| ot | 
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Firestone Airmount, located at base of Jeffrey 
vibrating conveyor, eliminates need for heavy steel 
supporting section, while providing more efficient 
isolation than steel coil springs. 


AIRMOUNT” FOR INDUSTRY 


Firestone Industrial Products Co., Noblesville, Indiana 
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or MA wy MIDGET SOLENOID VALVES 


Progressive designers, the men who lead the trend toward min- 
iaturization, depend on ASCO as the one source for a full line 
of midget solenoid valves. The unexcelled quality and dependability 
that ASCO pioneered in the solenoid valve field is found, too, 
in today’s midget solenoid valves. Only the size has been reduced. 

For flow applications using air, gas, water, light oil, refrigerants 
and many other liquids, ASCO Midget Valves assure complete 
safety and truly exceptional performance 

ASCO Midget Solenoid Valves are available with standard, 
watertight or explosion-proof enclosures. Pipe sizes 4g” and ¥%”"; 
pressure range 0-1000 psi. 

There's ome source that solves virtually any solenoid valve 
problem — ASCO. Write today for complete data on ASCO 
Midget Solenoid Valves — or outline any of your requirements 
We'll be pleased to assist you 


ASCO Valves Aulomatic Switch Co. 
54-G HANOVER ROAD, FLORHAM PARK, NEW JERSEY, FRONTIER 7-460 


Automatic Transfer Switches @ Solenoid Valves @ Electromagnetic Contro 
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Why Cross chose Timken® bearings 


for all 148 drill spindles 


f Rew huge Cross transfer 
machine drills and taps holes 
in automobile engine blocks at new 
highs in speed and accuracy. To 
assure Maximum user economy and 
machine life, Cross engineers chose 
Timken” tapered roller bearings 
for the machine’s 148 drill spindles. 
Here’s why: 

1) They maintain precision longer. 
limken bearings are geometrically 
designed to give true rolling mo- 
tion, precision manufactured to live 


up to their design. 


2) They're extra tough because Tim- 
ken bearings are made of the finest 
bearing-quality alloy steel available. 

When you use a machine with 
Timken bearings, you get all the 
extra benefits of Timken Company 
leadership in tapered roller bearing 
design and in engineering service. 
We maintain the industry’s most 
modern laboratory to test bearing 
applications. To get better ma- 
chines, make sure they're Timken 
bearing-equipped. When you buy 
Timken bearings you get...1) Quality 


How THE CRUSS CO. mounts 148 
drill spindles of its Transfermatic 
machine on Timken bearings to 
give longer bearing life, maintain 
accuracy. 


you can take for granted. 2) Service 
you can't get anywhere else. 3) The 
best-known name in bearings. 4) The 
pace setter in lower bearing costs. The 
Timken Roller Bearing Company, 
Canton 6, O. Cable: ““TIMROSCO”. 
Makers of Tapered Roller Bearings, 
Fine Alloy Steel and Removable Rock 
Bits. Canadian Division: Canadian 
Timken, St. Thomas, Ontario. 


Call on us at the Production Engineering Show, Chicago Navy Pier, September 6-16, Booths 314, 316. 
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